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IMMUNOLOGICAL MEMORY IN WUNG FISH AND AMPHIBIANS: 
STUDIES ON CYPRINUS CARPIO, CHELON LABROSUS AND XENOPUS LAEVIS 
by 
M,S, MUGHAL 
ABSTRACT 
This study asks whether ant:i;gens encountered early i'n life by 
animals with free-living larvae cari prime the immune system to yield 
memory responses on subsequent exposure and, if so, whether positive 
immunity or immunological tolerance is induced. 
(ii) 
In 4-week old carp, Cyprinus carp:i:o, the thymus dependent antigen 
human gamma globulin ( HGG) was tolerogenic both in soluble form and 
attached to latex particles, Forma-lin-killed Aeromonas salmonicida 
bacteria, in contrast, elicited primary antibody production and' induced 
enhanced secondary responses. By the age of 9-10 weeks HGG was no 
longer tolerogenic even when injected into the thymus or administered 
orally. Despite their anti'body tolerance fish primed with HGG at 4 
weeks old resembled~· salmoriicida-treated fish in their ability to 
elicit proliferative responses in the spleen and kidney after challenge, 
Direct :i:oimersion vaccination of 4-week old carp yielded enhanced 
antibody and proliferative responses on cha-iienge with~· salmonicida. 
With particle-borne HGG it partially _suppressed secondary antibody 
production but still yielded enhanced pro.Hferation. Both carp and 
Xenopus laevis larvae were refractory to stimulation with soluble HGG by 
direct immersion. 
Mullet, Chelon labrosus, aged 6-7 months possessed well developed 
lymphoid organs but unli:ke adult fish required priming, orally or by 
injection, before they could respond to soluble anti·gens. 
In ~· laevis, HGG induced positive memory rather than tolerance 
even in week-old larvae except when very high doses were employed such 
as induce tolerance in adults also. Injection of immune complexes into 
!· laevis toadlets resulted in accelerated antigen trapping and enhanced 
antibody production. Spleen cells which trap antigen can be separated 
on Percoll gradients and injected into non-immunized toadlets. This 
results in splenic antigen ·localization and accelerated antibody 
production. 
Foreign albumins were localized in the Xenopus spleen but yielded 
poor antibody production both in amphibians and fish. 
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2. 
GENERAL INTRODUCTION 
Immunological memory is a concept formulated to explain the 
capacity of the immunological system of the body to respond much faster 
and more powerfully to subsequent exposures to an antigen than it did at 
the first exposure (Herbert and Wilkinson, 1977), The converse of 
positive immunological memory is immunological tolerance, a response 
consi3ting of the development of specific non-reactivity of the immune 
system to a given antigen capable in other circumstances of inducing 
cell-mediated or humoral immunity, 
Immunological memory in poikilotherms is of interest both from the 
phylogenetic viewpoint (see Manning, 1980) and for practical reasons 
related to the possibility of immunizing commercially important species 
against disease. Thus if fish are to be vaccinated successfully, the 
antigen must be administered at the correct age, at the best dose, in an 
immunogenic form, and via an appropriate route, For young fish it is 
necessary to determine how best to prime the immature animal in order to 
elicit strong enhanced responses on secondary exposure to the antigen 
and to avoid any possible tolerogenic effect. 
There is an interest in understanding the maturation of the immune 
system of fish owing to the advantages to be gained from early 
vaccination. This is because there are diseases to which young fry are 
particularly susceptible; also in some instances surviving fry may 
carry latent infections (see Finn, 1970), In addition, since the 
incidence of diseases of young fish rises with increasing temperature in 
the spring, immunization prior to the time of risk could have commercial 
advantages (Horne, Tatner, McDerment, Agius and Ward, 1982; Ward, 
Tatner and Horne, 1984). Less vaccine is required to immunize young 
fish since antigen is administered as a dose per weight of fish. Also 
handling and stress can be minimized by treating with vaccine during 
transfer from the hatchery to the on-growing ponds, Preferably the 
positive immunological memory should be strong and long-lasting, 
although even anamnesis (memory) of relatively short duration can 
sometimes be helpful in protecting young fish through times when they 
are at high risk (see Egidius, Andersen, Clausen and Raa, 1982). 
3. 
Initial exposure to an antigen can prime the immune system in such 
a way that, on secondary encounter with an immunogenic dose of ~,e same 
antigen, the immune response of the animal is altered, The outcome may 
be (i) to enhance the secondary response, (ii) to fail to influence 
memory so that the animal reacts to the second encounter in a primary 
manner, or (iii) to suppress or eliminate specific reactivity (i.e. to 
induce tolerance), 
The first outcome is, of course, the effect desired from 
vaccination, Fish and amphibians display positive secondary immune 
reactivity in both cell-mediated and humoral antibody responses. In 
fish, the higher secondary titres and/or more rapid production of 
antibody are not associated with any change from IgM to a low molecular 
weight class of antibody (as is the case in higher vertebrates). IgM, 
which is the only firmly identified antibody class of fish, shows a 
remarkable heterogeneity in its polymeric state. In elasmobranchs it is 
pentameric (Frommel, Litman, Finstad and Good, 1971; Johnstone, Acton, 
Weinheimer, Niedermeir, Evans, Shelton and Bennet, 1971), while in bony 
fishes it is a tetramer (Shelton and Smith, 1970; Acton, Weinheimer, 
Hall, Niedermeier, Shelton and Bennet, 1971), In some species a 
monomeric immunoglobulin (Ig) could be found (Clem and HcLean, 1975), 
This is antigenically identical to the high molecular weight Ig, the 
heterogeneity being in the length of the heavy chain and the binding 
4. 
capacicy for the J-chain. These different IgM types seem to be 
adaptations to special functions (Ambrosius, Fiebig and Scherbaum, 
1982). The diversity of two immunoglobulin classes into IgM and a low 
molecular weight (LMW), "IgG-like", class is present in anuran 
amphibians (14archalonis and Edelman, 1966; Hadji-Azimi, 1971; Warr and 
Marchalonis, 1976). Amphibian larvae can respond to a variety of 
antigens and anuran tadpoles can exhibit both IgM and LMW 
immunoglobulins, although in larvae IgM is predominant and the LMW 
immunoglobulins are of low affinity (reviewed by Du Pasquier, 1973, 
1976, 1982). There is evidence that immunological memory induced in 
amphibian larvae is conserved through metamorphosis since both positive 
immunity and tolerance induced in Xenopus tadpoles can be demonstrated 
in the post-metamorphic toadlets (Jurd, Luther-Davies and Stevenson, 
1 975; Du Pasquier and Haimovich, 1976; Du Pasquier, 1976, 1982; 
Manning and Al Johari, 1984). Using sheep erythrocytes as the antigen, 
however, Manning and Al Johari, 1984 were unable to demonstrate 
secondary responses on challenge within the larval period itself. 
The maturation of positive immunological memory in fish is 
reviewed by Manning, Grace and Secombes, 1982a and is discussed in 
detail in Chapters 3, 4, 5 and 6. In general, it may be stated that 
young fish respond better to antigens which are thymus-independent in 
higher vertebrates than to those which require T-cell help (Etlinger, 
Chiller and Hodgins, 1979; Secombes, 1981). Empirically it has been 
found that useful levels of protective immunity can be obtained in young 
fish when using bacterial antigens such as killed cells of Vibrio 
anguillarum (the causative agent of vibriosis) or Yersinia ruckeri (the 
causative agent of enteric red-mouth disease). Using the method of 
direct immersion in an antigen bath, it has been shown with bacterial 
antigens that the success of vaccination depends on the weight of the 
fish rather than on its age. Johnson, Flynn and Amend (1982) were able 
to immunize young salmonids at upwards of 1g body weight, while Tatner 
and Horne (1983a) and Ward, Tatner and Horne (1984) using rainbow trout, 
Salmo gairdneri, obtained detectable protection in fry of 0.14g rising 
to a commercially useful level of immunity following vaccination of o.Sg 
fish. 
The second possible outcome of a primary exposure to antigen, 
i.e. that it may fail to influence memory so that the animal reacts to 
the second encounter in a primary manner, sometimes occurs when animals 
are exposed to antigen before their lymphoid system is sufficiently 
mature to respond. For example, rainbow trout injected with killed 
cells of Aeromonas salmonicida (the bacterium which causes furunculosis) 
at days 1, 7 or 14 post-hatching were unresponsive to the antigen; they 
produced no antibody and displayed neither secondary immunity nor 
tolerance on secondary exposure at a later age (Secombes, 1981; 
Manning, Grace and Secombes, 1982 a & b). Similar effects were found 
following direct immersion vaccination (against vibriosis), although in 
this case, the results appeared to be due to failure of the young 
rainbow trout to take up the bacterial antigen until they reached a body 
weight of about 0.14g (Tatner and Horne, 1984). 
The third possibility is that of tolerance induction, whose 
mechanisms in mammals have been variously attriouted to a central 
failure of responsiveness, whereby tolerance is due to modification or 
elimination of certain cell clones, or to peripheral suppression wherein 
reactions are inhibited either by serum blocking factors or by the 
existence of suppressor cells. Fish and amphibians which possess 
free-living larvae may encounter antigens in their environment at a 
5. 
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stage when their immune system is still very immature - a situation 
which, in mammals, can lead to immunological tolerance. Indeed, 
immaturity of the young animal is the most important single factor 
leading to tolerance rather than positive immune reactivity and it is 
relatively easy to induce tolerance to certain antigens during the early 
stages of maturation of the lymphoid cells. Since the possession of a 
free-living larva is the primitive condition, the response of the 
free-living larvae of many fish and amphibians to xenogeneic materials 
is of considerable interest phylogenetically. 
Phenomena suggestive of tolerance have been described in the adult 
in fish by Lopez, Sigel and Lee (1974); Serero and Avtalion (1978); 
Avtalion, Wishkovsky and Katz (1980); Manning, Grace and Secombes (1982 
a & b) and Ruglys (1984) and in toads by Marchalonis and Germain (1980), 
while in young trout and carp, the experiments of Secombes (1981) and of 
van Loon, van Oosterom and v~n Muiswinkel (1981) indicate that early 
exposure of young fish to a thymus-dependent antigen can result in 
immunological tolerance when the fish are challenged with a second 
injection of the same antigen at an age when normal fish are capable of 
yielding a positive humoral antibody response. Thus in Secombes' 
experiments rainbow trout at 14-17"C, when injected with formalin-killed 
A. salmonicida bacteria (1 x 108 cells g- 1 body weight) on day- 21 
post-hatching, displayed agglutinating antibody against the bacteria 
when their serum was tested 8 weeks later. In a similar experiment 
using the soluble protein antigen HGG (human gamma globulin), 0.025 mg 
g- 1 body weight, however, no antibody production occurred. Furthermore, 
when tested for their antibody responses by secondary (challenge) 
immunization 8 weeks after the primary injection, followed by serum 
antibody testing 8 weeks later, the fish injected with HGG in their 
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primary immunization remained unresponsive to HGG, although normal fish 
and fish which had previously received BSA (bovine serum albumin) were 
able to respond to the HGG antigen. Similarly, in the experiments of 
van Loon, van Oosterom and van Muiswinkel (1981) carp, Cyprinus carpio, 
aged 4 weeks were unable to mount a plaque-forming cell (PFC) response 
to sheep erythrocytes (SRBC) at 21"C. Furthermore, when these fish were 
reimmunized 3 months later they still failed to respond, although 
animals which received their first injection of SRBC at 4 months of age 
showed normal anti-SRBC reactivity. It is possible that under normal 
circumstances fish do not usually meet and/or take up potentially 
tolerogenic antigens. Nevertheless conditions for tolerance need to be 
fully understood, in order that they may be avoided, in any programme 
for immunizing young fish against disease. 
In the present work the effect of age of fish, route of antigen 
administration, and type of antigen used (soluble or particulate, 
thymus-dependent or thymus-independent) in the primary exposure, on the 
level of the secondary antibody response is studied in the carp, 
Cyprinus carpio (Chapter 3). Chapter 4 reports a similar study using 
the direct immersion method of immunization, while Chapter 5 considers 
the proliferative responses of the lymphoid cells of these fish. In 
Chapter 6, a study is made of a marine fish using juveniles of the thick 
lipped grey mullet, Chelon labrosus, while Chapter 7 considers the 
effect of early exposure to antigen on larvae of the amphibian, Xenopus 
laevis, together with a study of the antigen-trapping mechanisms in this 
species. 
a. 
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Title 
General Methods 
A. MIRROR CARP (CYPRINUS CARPIO) 
(i) Young carp 
ANIMALS 
9. 
Young carp were obtained from Humberside Fisheries, Skerne, 
Oriffield (spawned on 30.3.81, 20.4.82 and 22.4.83) and from Priory 
Fisheries, Kerswell, Devon (spawned on 2.7.81). They were collected and 
brought into the laboratory a few weeks after spawning, but in 1982 they 
were also brought in within one week after spawning. 
The fish were kept in stock tanks containing dechlorinated 
standing tap water at room temperature (20 ± 2"C) for a few days, then 
they were placed in plastic tanks of approximate dimensions 35 x 23 x 
19cm, containing aerated dechlorinated tap water (Figures 1, 2 and 3). 
They were held about 10-20 fish per tank at 20 ± 2"C and fed twice a day 
during week days and once a day during weekends on powdered Omega no. 2 
trout food (Baker Sudbury U.K.) or mainstream trout diet Table 4 
pelleted (B.P. Nutrition). 
The fish under the age of one week were fed on hatched Brain 
Shrimps, Artemia nauplii (San Francisco Bay Brand, Metaframe 
Corporation, New York, and California), twice a day up to the age of 4-5 
weeks, then they were also given powdered Omega no. 2 trout food. 
The average increase in weight of the fish was calculated on a 
weekly basis and the results are shown in Table 1. 
waste materials were removed by using sponge filters (Wingate and 
Golding Ltd, Barton Stocey, Winchester, Hampshire) or by means of a bed 
of fine gravel approximately 3 cm deep on the under gravel filters. The 
water of the tank was constantly aerated by Rena Pumps. Dead fish, if 
any, were removed daily. After every fortnight in summer, or when the 
water in the tank became dirty, the tank was drained out and filled with 
Fig. 1. Maintenance of young fish 
Tanks set up to maintain young carp or mullet .. 
Undergravel filters are used for the removal of waste 
inate~ials. 

Fig. 2. Maintenance of young fish 
Tank for maintenance of: y9ung· carp or mullet, 10-15 fish 
per tank. Waste materials are removed using an undergravel 
filter.. Weeds are added to fresh water tanks. 

' 
I 
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Table 1 
Weight of young carp cyprinus carpio kept at room 
temperature (20 + 2°C) in laboratory conditions 
and used for experiments described in CH. 3, 4 and 5. 
I 
Age of fish Average weight.:!:_ S.D No. of fish 
(weeks) (mg) weighed 
4 I 157.5 + 3.3 20 -
5 I 185.1 + 4.2 19 -
6 
' 
240.5 + 7.0 18 
-
7 255.6 + 7.6 18 
-
8 300.0 + 8.3 18 
-
9 411.7 + 10.3 18 
-
10 467.0 + 8.4 18 
-
11 572.2 + 10.7 18 
-
12 686.0 + 36.8 18 
-
13 723.7+61.5 18 
-
14 837.0 + 22.7 18 
-
15 936.0 + 27.8 18 
-
16 1128.0 + 56. 3 18· 
-
17 1320.0 + 20.0 17 
-
18 1492.5 + 17. 1 18 
-
19 1707.5 + 37.3 18 
-
20 1893.7 + 61.6 18 
-
14. 
I 
I 
I 
I 
I 
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fresh dechlorinated water which was kept standing at least overnight at 
room temperature before use, Weed, Java moss (Vesicularia dubyana) was 
also added in the tanks as a biological filter. 
(ii) Adult carp 
Adult carp weighing approximately 1.5 kg to 2.5 kg were fished out 
from Drake Reservoir, North Hill, Plymouth. 
Six month to one year old carp were obtained from Priory 
Fisheries, Kerswell, Devon. 
About 5-6 big fish or 20-30 six month to one year old fish were 
kept at room temperature 20 ± 2'C in a big plastic tank (120 x 80 x 60 
cm) with water level about 40-50 cm high, The waste materials were 
removed by biological filtration, by circulating the water through a 
tank containing gravel and lime stones using an electric pump. The big 
fish were fed daily on Omega no. 6 trout food, while 6 month to one year 
old carp were fed daily on Omega no. 4 trout food (Baker Sudbury, 
u.~.). The water was changed every fortnight and the filter was cleaned 
with hot water every week. 
B. GREY MULLET (CHE~ LABROSUS) 
Grey mullet were netted from a creek near St, John, Cornwall. 
Adults were taken in mid summer (June or July), They weighed about 25g 
and were approximately 13 cm long when captured, They were believed to 
be 2-3 years old (Bagenal, 1973), Juvenile mullet were caught in the 
autumn in 1981 and 1982 from the same creek, They weighed about O,Sg, 
were approximately 3 cm long, and were believed to be about 6-7 months 
old (Bagenal, 1973; Graham, 1981), On arrival in the laboratory all 
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fish were placed in pre-settled stock tanks for the first few days and 
treated with Myxazin solution (Waterlife Research Ltd., Heathrow, U.K.) 
to remove any infection caused during handling of the fish. 
Experimental fish were kept at room temperature (20 ± 2'C) in plastic 
tanks measuring either 35 x 23 x 19 cm (for smaller fish) or 43 x 23 x 
25 cm (for larger fish, using about three fish per tank). The 
conditions (gravel filters, aeration etc.) were similar to those 
described for carp except that sea water was used in place of tap 
water. Adult fish received Omega no. 4 trout food daily, juveniles 
received Omega no. 2 food (Baker, Sudbury, U.K.) twice daily (weekdays) 
or once a day at weekends. Adult fish were housed on a circulating sea 
water system. For juveniles! the water in the tanks was changed once a 
fortnight. Cloth gauze or chicken wire covers were placed on the tanks 
to prevent fish from jumping out. 
C. CLAWED TOA CG (XENOPUS LAEVIS) 
All animals were bred in the laboratory. Two stocks were 
available. One is a histocompatible (at MHC) line kindly donated by Dr 
C. Katagiri of Hokkaido University, Japan (the G-line). The other is a 
non-histocompatible stock of Xenopus imported from Xenopus Limited, 
Redhill, Surrey and reared for one or more generations in our 
laboratory. Detdils of the husbandry of X. laevis are given in Chapter 
7. 
TREATMENT OF DISEASES 
Disease problems occurred mainly in the fresh water fish. There 
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were occasional outbreaks of "white-spot" (ichthyophthiriasis) which 
caused the death of some experimental carp. This disease is caused by 
the protozoan Ichthyophthirius multifilis (Family Ophryoglenidea, Order 
Holotricha, Ciliata). Fish develop small white spots on the surface of 
the body and can be seen to 'flash' as they scrape themselves on the 
bottom of the tank to try to remove the parasite. The disease was 
treated with Protozin (Waterlife Research Ltd., Heathrow, U.K.). Some 
carp with white spot developed secondary infections caused by fungus of 
the Family Saprolegniacea which includes species of the genera 
Saprolegnia and Achlya. Fungal hyphae start to grow on the skin and in 
acute cases cover the whole fish resulting in death. This disease was 
also treated with Protozin. For bacterial infections, such as fin rot, 
a broad spectrum bacteriocide Myxazin (Waterlife Research Ltd., 
Heathrow, U.K.) was used. 
ANTIGENS AND OOSES 
Two types of antigen were used; soluble antigens, all of which 
are murine thymus dependent, and a particulate antigen, the formalin-
killed cells of Aeromonas salmonicida. Aeromonas salmonicida is the 
causative agent of furunculosis disease in fish and is a thymus-
independent antigen in Xenopus laevis (Manning and Jurd, 1981). 
A. SOLUBLE ANTIGENS 
The soluble antigens used were: 
HGG: Human gamma globulin, Cohn fraction II (Kabi, Stockholm 
or Koch-Light Laboratories, Colnbrook, Berks, England) 
HSA: Human serum albumin, Cohn fraction V (Kabi, Stockholm). 
OVA: Ovalbumin (Sigma, St. Louis). 
KLH: Keyhole limpet haemocyanin (Calbiochem, La Jolla). 
18. 
(i) Native antigen. For most experiments the antigen was administered 
in unaltered form either in saline or in adjuvant. For fish, the 
antigen was prepared by dissolving 5 mg cm-3 antigen in 0.85% saline, 
then diluting to 2.5 mg cm-3 either by adding an equal volume of saline 
(termed "antigen in saline") or by emulsifying with an equal volume of 
FCA (Freund's Complete Adjuvant, Difco, Detroit) (termed "antigen in 
adjuvant"). The material was administered at the rate of 0.01 cm3 g-1 
body weight (25 pg g- 1 body weight). For x. laevis the initial solution 
was made up at twice the strength (10 mg cm-3 ) and the dose was 
delivered in half the volume (0.005 cm 3 g-1 body weight). This volume 
was more readily tolerated by the delicate early stages of X. laevis. 
The dose was again 25 ~g g- 1 body weight. For the high doses employed 
in some of the experiments described in Chapter 7, the animals were 
given 1 mg g-1 body weight. For this purpose the initial antigen 
solution was prepared at forty times the standard concencration. 
(ii) Heat-aggregated antigen. Heat aggregation was employed in some 
experiments described in Chapter 8 (using HGG) and in Chapters 3 and 8 
(using HSA). 
(a) Heat-aggregated HGG was prepared following the method of Brown, 
Schwab and Holborow (1970). A 1% solution of HGG in phosphate buffered 
saline (PBS), pH 8.0 (appendix I) was prepared by dissolving 10 mg of 
HGG cm-3 of buffer. The solution was heated in a water bath at 60"C 
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while snaking for 15 min, then cooled to room temperature, To remove 
the insoluble aggregates, it was centrifuged at 1000g for 15 min. The 
supernatant was then ultracentrifuged at 140,00Ug for 90 min at 20"C 
(MSE, Superspeed 50), the supernatant discarded, and the precipitate 
dissolved in about one-third of its original volume in PBS pH = 8.0. 
The aggregated HGG was then removed by precipitating it with 
0.62M sodium sulphate. The precipitated aggregates were separated by 
centrifuging at 500g for 15 min and the precipitates redissolved in 
buffer. The preparation was then dialysed against PBS pH = 8.0 until it 
was sulphate free (overnight at 4"C). The large particles were removed 
by centrifuging at 1000g for 20 min and the resultant heat-aggregated 
HGG preparation assayed for its protein contents using a Unicam SP 1800 
ultraviolet spectrophotometer at 280 nm. The material was injected at 
the rate of 25 pg g- 1 body weight. 
(b) Heat aggregated HSA was prepared following the method of White, 
Henderson, Eslami and Nielsen (1975). 5 cm3 of a solution containing 
20 mg cm-3 HSA was heated in a water bath with a mechanical shaker at 
7U"C until its optimal density reached 550 nm = 1 using a spectrometer 
(CE 303 Grating spectrophotometer, Cecil Instruments, Cambridge). This 
required between 10-20 min.). The protein content of the suspension was 
calculated using a Unicam SP 1800 ultraviolet spectrophotometer at 
280 nm and the material injected at the rate of 25 pg g- 1 body weight. 
(iii) Immune complexes. Immune complexes were injected in experiments 
described in Chapter 8 (see Chapter 8 for details of preparation). 
(iv) HGG on latex particles. HGG coated onto latex particles was 
either purchased (Rheuma-Wellcotest, Wellcome, Beckenham, Kent) or was 
prepared in the laboratory. To prepare coated particles, the method 
given in Hudson and Hay (1980) was employed. The particles 
(approximately 300 nm in diameter) were kindly supplied by Wellcome 
Research Laboratories, Beckenham, Kent). 
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Approximately 800 ~1 of latex suspension was washed twice with 
glycine saline buffer 0.054M, pH = 8.2 (Appendix I) for 15 min at 
12,500g (11,000 rpm) (MSE high speed 18 centrifuge). About 80 mg of the 
latex particle pellet was suspended in 20 cm3 of the pH 8.2 buffer, 
1 cm 3 HGG solution containing 25 mg HGG cm- 3 saline was added, and the 
suspension was incubated at room temperature tor 30 min. It was then 
centrifuged at 12,500g for 15 min and the supernatant checked for 
residual HGG on a Unicam. SP1800 ultraviolet spectrophotometer before 
discarding. The pellet was then washed twice with the buffer at 12,500g 
for 15 min each and resuspended in 10 cm3 of a 0.27M glycine saline 
buffer (Appendix I) containing 1% BSA (bovine serum albumin) as an 
irrelevant protein to block any remaining absorbing sites on the latex 
particles. The resulting suspension containing 0.8% latex particles 
coated with 2.5 mg HGG cm- 3 v1as stored in a dark bottle at 4"C (no 
preservative was added), It was injected at the rate of 25 ~g HGG g- 1 
body weight. 
B. AEROMONAS SALMONICIDA VACCINE 
Bacteria of strain 25/77 were maintained in liquid nitrogen. 
After removal from liquid nitrogen they were grown for 24 hours at 25"C 
on Trypton Soy Agar (Oxoid, England), then inoculated on to 10 cm3 of 
Trypton Soy Broth (TSB) and incubated at 25"C for 18 hours. Ten 
Erlenmeyer flasks of 250 cm3 capacity each containing 100 cm3 TSB were 
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inoculated with 1 cm3 of the 18 hour bacterial culture and incubated for 
a further 24 hours at 25"C, The cells were then formalin-killed 
(formalinized with 0,6% formalin solution) by adding 1,5 cm3 of 40% 
formaldehyde solution to each flask and keeping at 4"C for 24 hours. 
The culture was centrifuged at 4000g for 5 min to recover the bacterial 
cells. The cells were then washed thrice with saline at 3500g for 5 min 
and the pellet resuspended in saline to contain 109 cells cm-3 for use 
with direct immersion immunization, 10 10 cells cm- 3 for injection in 
saline, or 2 x 101° cells cm-3 for injection after first mixing with an 
equal volume of adjuvant (FCA). Injections were administered in 0.01 
cm3 g-1 body weight doses (10 8 cells g-1 body weight), 
C. CHALLENGE INJECTIONS 
Irrespective of the method of primary treatment, all challenge 
injections were administered in adjuvant in order to ensure that the 
challenge dose was potentially immunogenic. The dose was 25 ~g g-1 body 
weight for soluble antigens, delivered at a rate of 0.01 cm3 g- 1 body 
weight for fish and 0,005 cm3 g-1 body weight for !• laevis. For 
Aeromonas salmonicida vaccine the dose was 10 8 formalin-killed cells g- 1 
body weight, 
ANTIGEN ADMINISTRATION 
A. ADMINISTRATION BY INJECTION 
Injections were made aseptically using a glass syringe (Agla, 
Wellcome, Beckenham, Kent) fitted with a 30 gauge needle for young 
animals, and a 1 cm3 plastic syringe fitted with a 30 gauge needle for 
older animals. For small larvae (less than 300 mg) the needle was 
replaced by a fine glass needle prepared by pulling a capillary tube 
thermally. The tip of the glass needle was sharpened on a fine air 
driven sharpening stone. The needle was then washed and siliconized 
using Repelcote (Hopkins and Williams, Essex) and fitted to an Agla 
micrometer syringe using a truncated disposable plastic syringe tip. 
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(i) Intraperitoneal injections. In fish, these were made by inserting 
the needle through the skin into the abdominal cavity from a ventro-
lateral position. In tadpoles, the approach was dorso-lateral. A 
slight expansion of the abdominal wall could be observed under the 
microscope as the dose was being delivered. 
(ii) Intramuscular injections. These injections were made in fish and 
were achieved by inserting the needle into the epaxial musculature of 
the anterior part of the tail. 
(iii) Intrathymic injections. In carp, injection of antigen into the 
thymus involved lifting up the operculum to gain access to the thymus 
which is superficially situated in fish. In X. laevis larvae, the 
thymus is visible through the transparent skin and can be injected by 
inserting a needle through the skin and into the thymus from a dorsal 
position. Both right and left thymuses were used, half the total dose 
being placed in each thymus. 
(iv) Injection via the dorsal lymph sac. POst-metamorphic ~· laevis 
were injected oy this route. The needle was passed under the skin of 
the thigh, through the posterior septum of the dorsal lymph sac and into 
the dorsal lymph sac over the back. 
23. 
8, ORAL A !:MINISTRATION 
Administration of antigen per os was usually made with antigen 
dissolved in saline, A hypodermic needle was truncated and the cut 
edges carefully ground down to prevent damaging the fish. It was placed 
into the mouth and passed back into the buccal cavity towards the 
opening of the oesophagus. The antigen was delivered cautiously 
watching for its entry into the gut by externally observing the 
expansion of the abdomen due to distension of the gut wall, This is 
termed "oral administration". 
C, ADMINISTRATION BY DIRECT IMMERSION 
For direct immersion in soluble antigens, the antigen was made up 
to a concentration of 5 mg dm-3 in standing tap water and a bath was 
prepared which contained approximately 100 cm3 of this solution g-1 
total weight of the fish to be dipped (Figure 4). This permitted the 
fish to swim freely without stress or overcrowding. Fish were placed in 
the bath for 30 min, then removed to a bath containing clean standing 
tap water in order to wash off the antigen, then returned to their 
original tank. Controls were handled similarly but antigen was omitted 
from the bath, 
For direct immersion with Aeromonas salmonicida, a similar 
procedure was employed, the antigen bath containing 1 x 109 
formalin-killed cells dm- 3 of water. 
ANAESTHESIA AND FOST-MORTEH PROCEDURES 
A. ANAESTHESIA 
MS222 (Ethyl-m-aminobenzoate, Sigma, St. Louis) was used to 
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Fig. 3. 
Fig. 4. 
Young caip (eyprinus carpio) 
Mirror carp 9~10 weeks old. 
Equipment for direct immersion in antigen 
Carp and !· laevis tadpoles were immersed weekly 
for 30 min. in a bath of antigen. The photograph 
shows fish being immersed at the time of their 
5th immersion (age about 9-10 weeks) . 
25 
Fig 3 
o.5cm 
Fig 4 
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anaesthetize or to kill the animals. It was used at a concentration of 
1:1000 (wjv) to kill fish (juveniles) and 1:200 to kill toads. To 
anaesthetize animals for injection, it was used at 1:500 concentration 
for toads and at 1:1000 for tadpoles, toadlets, and larger fish. The 
small fish were not anaesthetized for injection. The anaesthetic was 
made up in standing tap water. 
B. BLOOD COLLECTION AND PREPARATION OF SERUM 
(i) Blood collection from fish 
Adult fish and larger juveniles were bled aseptically without 
anaesthesia through the dorsal blood sinus situated beneath the 
vertebral column in the caudal region. A needle was inserted just 
behind the ventral fin, the sinus was located carefully, punctured, and 
blood drawn into the syringe. For large fish, a 1 cm3 or 5 cm3 sterile 
syringe fitted with a 25 gauge needle was used for the purpose. For 
smaller fish, a 1 cm3 syringe fitted with a 30 gauge needle was used and 
anaesthesia was necessary (1:1000 MS222). Fish which were too small to 
bleed in this manner (less than 5g) were killed in ~15222 and the tail 
was cut off using a sharp razor midway between the ventral fin and the 
end of the caudal fin. Blood was then collected from the caudal blood 
vessels by capillary action using a drawn out, siliconized capillary 
tube (Figure 5). Blood collected from such small fish was insufficient 
for individual sampling. Blood had to be pooled from several fish (see 
Tables) in order to obtain 100 ~1 of serum for antibody titrations. 
(ii) Blood collection from~. laevis 
Adult toads were bled aseptically from the femoral vein. The 
lower leg was swabbed with 70% alcohol, the skin was cut and the vein 
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Fig. 5. Blood collection from young fish 
Young carp and mullet were ·bled by cutting 
off their tail using a sharp razor, then 
collecting the blood using a drawn out 
capillary tube. 
Fig 5 
a) 
b) 
F i s h 
Blood collection from young fish 
2 8 
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nicked with a steriie scalpel blade. The flowing blood was collected 
using a Pasteur pipette, then transferred to a centrifuge tube. Toads 
which were too small to bleed in this manner were anaesthetized and 
opened to reveal the heart. Blood was then collected directly from the 
ventricle using a capillary tube. The animal was then killed. 
(iiil Serum preparation 
The blood of adult fish or toads was collected in 10 cm3 
centrifuge tubes (Sterilin, U.K.) and that from small animals in 1.5 cm 3 
microcapped centrifuge tubes (Hughes and Hughes, U.K.). The blood was 
left to clot (1 to 2 hours) at room temperature, then left overnight at 
4"C for clot retraction. The 10 cm3 centrifuge tubes were then 
centrifuged at 600g (3000-3500 rpm) for 5 min, and the 1.5 cm3 tubes 
centrifuged in a one speed microcentrifuge (James A. Jobling, Stone, 
Staffs, England) for 2-3 min. 
Serum which was to be used as the serum diluent in passive 
haemagglutination tests was pooled, heat-inactivated at 56"C for 30 min 
for toads and 47"C for 20 min for fish, aliquoted in 0.5 cm3, 1 cm 3 or 
1.5 cm3 lots in microcapped centrifuge tubes and stored at -20"C. 
Test sera were always used fresh because freezing reduces the 
antibody levels (see, for example, Rio and Reco (1971) for goldfish). 
(iv) Removal of lymphoid organs 
After blood had been collected, the lymphoid organs were removed 
and either frozen in liquid nitrogen for cryostat sectioning, used to 
prepare smears, or fixed (usually in Carnoy's fluid) and taken via 
alcohols and xylene to paraffin wax for embedding for use in histology 
or autoradiography. 
ANTIBODY TITRATIONS 
A, PASSIVE HAEMAGGLUTINATION 
Serum antibody levels to soluble protein antigens were titrated 
using the passive haemagglutination technique of Stavitsky (1954) 
employing tanned sheep erythrocytes. Serum was always used fresh, 
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In the early part of the work, the serum was heat-inactivated to 
remove heat labile complement activity (Cushing, 1945) by keeping it at 
56'C for 30 minas in the experiments of Secombes (1981), Later, more 
consistent results were obtained by inactivating at 47'c for 20 min (for 
fish), the lower temperature having less effect on the antibody 
component while still inactivating the complement. More recently, the 
heat-inactivation step has been abandoned altogether since the lytic 
effects of pre-existing complement have proved to be negligable (lysis 
never exceeded the first one or two wells). Table 2 shows the results 
of a small experiment which justifies this practice. From Table 2, it 
can be seen that heating the serum reduces the·level of antibody, not by 
a large amount but, nevertheless, better results are obtained if the 
heat-inactivation step is omitted. 
To prepare the serum for passive haemagglutination, naturally 
occurring agglutinins were removed by absorbing the serum for 40-60 min 
with an equal volume of SRBC (sheep erythrocytes, Gibco) which had been 
thrice washed with saline at 700g for 5 min. 
For passive haemagglutination, thrice washed SRBC were suspended 
to 2,5% (v/v) in phosphate buffered saline pH 7,2 (Appendix I), then 
mixed with an equal volume of 0,005% (wjv) tannic acid in saline 
(Appendix I) for 15 min at 37"c, The cells were then washed in 
phosphate buffered saline pH 7,2 by centrifuging at 650g for 5 min and 
resuspended to 2,5% in the same buffer, These tanned cells were then 
Fig. 6. Antibody titration (passive haemagglutination) 
- -- . - - -
Effect of heat inactivat~on of serum in adult mullet injected with HGG in adjuvant. Serum 
was tested 7 weeks after the injection. 
Row A & B 50 ~1 of serum (heat inact~vated at 56°C for 30 min) and then serially diluted 
-1 (- log 2) + 50 ~1 of SRBC coated with HGG well = End Point= well no. 15. (Notice the first 
three wells show a prozone effect) 
Row C 50 ~1 of serum heat inactivated at 56°C for 30 min and then serially diluted (- log 2) 
+ 50 ~1 of non coated SRBC (control) we11~ 1 = 
Row D & E =50 ~1 of serum (not heat inactivated) serialiy diluted (-log 2) +.50 ~1 of SRBC 
-1 
coated with HGG End Point = well no. 19. 
Row F'= 50 1-11 of serum (not heat inactivated) serially diluted (- log 2) +50 ~1 of non coated 
-1 SRBC (control) we:).l • 
Row G = 50 1-11 of pooled normal mullet serum (heat 
serially diluted (- log 2) + 50 ~1 of SRBC coated 
- 0 inactivated at 56 C for 30 min) and then 
Row H = 50 1-11 of pooled normal mullet 
serially diluted (- log 2) + so· j.J.l of 
-1 
with HGG well • 
serum (heat inactivated at. 56°c for 
-1 
non coated SRBC (control) well • 
30 min) and then 
w 
,_. 
~----==----~~~----------------------------------~ 
Fig 6 
• 
Table 2 
Effect of heat inactivation on serum antibody titres 
(Samples obtained from carp eyprinus carpio immunized with HGG) 
(Human gamma globulin) in adjuvant 
All fish were 6 months to 1 year old. 
The fish were injected with HGG (Human gamma globulin) in adjuvant 
(i.p.) and serum was collected 4-5 weeks after injection. Serum 
from each fish was aliquoted (100 ~1) into three tubes. Before 
performing the passive haemagglutination test, serum of one tube 
was heat inactivated at 56°C for 30 min, another at 47°C for 20 min. 
while the third tube was not heat inactivated (room temperature) . 
Anti-HGG passive haemagglutination I Treatment To:tal 
to the antibody titre (- log 2) no. of serum fish 
1 2 3 4 5 mean + S.E used 
-
Serum heat inactivated 11 12 14 16 18 14.2 + 1.14 
at 56°C for 30 min -
Serum heat inactivated 12 13 15 16 18 14.8 + 0.95 (5) 
at 47°C for 20 min -
Serum not heat 
activated (20 + 2°C 13 14 18 21 20 17.2 + 1.42 
-room temperature) 
Serum which was not heat inactivated showed occasionally lysis 
which never exceeded more than 2 wells (- log 2). 
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either coated with the appropriate antigen or left uncoated as control 
cells. 
To coat with antigen, 1 volume of the protein antigen at a 
concentration of 1 mg cm-3 was added to volume of 2.5% tanned SRBC and 
4 volumes of phosphate buffered saline pH 6.4 (Appendix I). In the case 
of the OVA antigen, a wider range of protein concentrations was tried. 
In addition to the 1 mg cm-3 of antigen noted above, values from 0.1 mg 
cm-3 to 10 mg cm-3 were also used for coating the SRBC. (This was done 
because negative results were obtained for OVA, see Chapter 3). For 
controls, one volume of buffered saline (0.85% wjv) was used in place of 
the antigen solution. The mixture was left at room temperature for 
10-15 min. It was then washed with serum diluent (650g for 5 min) and 
resuspended in serum diluent to a concentration of 0.25%. The "serum 
diluent comprised homologous serum obtained from a number of normal, 
untreated animals. It was pooled, heat-inactivated at 56°C for 30 min 
and absorbed with SRBC to remove any non-specific haemagglutinating 
activity. The serum diluent served to stabilize the tanned cells and 
prevent spontaneous agglutination. 
The antibody titration was made in microtitre plates (U-wells) 
(Sterilin, Teddington, U.K.). 50 ~1 of serum diluent was added to each 
well. The serum sample was then serially diluted in two-fold dilutions 
along two rows (24 wells) and 50 ~1 of antigen coated SR8C was added to 
each well. In a third row similar two-fold dilutions of the serum 
sample were made, this time uncoated SRBC were added, 50 ~1 per well. 
Other controls set up in a similar manner included those using the 
serum from normal (non-immunized) animals and those using the serum 
diluent alone (no serum). 
The plate was then sealed by sellotape to prevent evaporation, 
35. 
gently agitated then left at room temperature for 3 hrs and overnight at 
4'C. Plates were read the following day and the last well to show 
complete agglutination was taken as the end point (Figure 6). 
B. BACTERIAL AGGLUTINATION 
Antibody titres against~· salmonicida were tested using a 
modified form of tube agglutination (Secombes and Manning, 1980). 
In this test which was carried out in microtitre plates (Sterlin, 
U.K.) 50 ~1 of 0,85% saline was added in rows A, Band C, then 50 ~1 of 
test serum was added in well no. 1 of row A (first row) and was then 
serially diluted by two fold steps up to well no. 24 (both rows A and B 
were used). In a third row (row C) 50 ~1 of serum from a control fish 
was serially diluted, two fold, up to well no. 12. 
50 ~1 of 109 cell cm- 3 saline of A. salmonicida were added to each 
well (in all three rows). The plate was then gently agitated and sealed 
with sellotape. It was kept at room temperature for 3 hours and then 
overnight at 4'C before reading the plate. End points (last well 
showing complete agglutination) were noted by looking at the plate from 
underneath with the naked eye or under a dissecting microscope. 
IMMUNOFLUORESCENCE 
To detect the presence of HGG or HSA in the various tissues of the 
animal, the direct fluorescence technique was used. This was done on 
spleen, kidney, liver and occasionally thymus sections. 
Tissue was removed from the animal, embedded in a piece of liver 
taken from the same animal, which was placed on a disc of moist filter 
paper on a microtome chuck. The chuck was dipped gradually into liquid 
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nitrogen avoiding rapid boiling, held for about 15 seconds until well 
frozen and placed immediately into the cryostat. Sections were cut at a 
cryostat setting of -18'C and taken onto microscope slides precleaned in 
acid alcohol. The sections were dried on to the slide using a fan air 
drier. A drop of 1:15 diluted fluorescein labelled anti-HGG antibody 
produced in sheep (Wellcome, Beckenham, Kent) or fluorescein labelled 
anti-HSA antibody produced in rabbit (Nordic Immunology, Tilburg 
Berchem, London) was placed on each section and the slides incubated at 
room temperature in a humid chamber for 30 min, after this they were 
lightly blotted, placed in a slide holder and immersed in phosphate 
buffered saline pH 7.2 for Xenopus and pH 7.6 for carp (Appendix I). 
The sections were then mounted in 90% glycerol, 10% phosphate buffered 
saline pH 7.6 mounting fluid and placed in a dark humid chamber until 
examined under a fluorescence microscope (Vickers). Photographs of the 
preparations were taken on 400 ASA monochrome film. 
AUTORADIOGRAPHY 
Tritium-labelled thymidine (Radiochemical Centre, Amersham, Bucks) 
specific activity 2 Ci/mmol was used as an indicator of lymphoid cell 
proliferation [methyl-3H] • The liquid emulsion technique was employed 
following the general recommendations of Rogers (1967), modified in our 
laboratory for use with amphibian and fish tissues (Turner, 1970; 
Secombes, 1981; Grace, 1981; Botham, 1982). The technique enables a 
large batch (200-400) slides to be dipped in one session so that all the 
samples from a given experiment can be processed on the same day to 
avoid inter-batch variability. 
The fish were injected with tritium-labelled thymidine 18 hours 
before sacrifice, intraperitoneally at the rate of 1 ~Ci g- 1 body 
weight, After the fish were killed, the spleen, kidney and in some 
cases the liver were dissected out and fixed in Carnoy's fluid for 2 
hours, The tissues were dehydrated, cleared and embedded in wax, 
8-10 ~ sections were cut and mounted on gelatin-coated slides, 
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Gelatin-coated slides were prepared by keeping the glass slides 
overnight in concentrated HCl, They were then rinsed with running tap 
water for 24 hours, Several changes in double distilled water were 
given during a further 24 hours. The slides were then dipped in gelatin 
solution, which contained 5g of gelatin and 0,5g of chrome alum 
dissolved in one dm3 of distilled water. Slides were then air dried 
overnight in a dust free area. 
After mounting the sections on these gelatin coated slides, the 
slides were dewaxed by giving two changes of 5 min each in warm xylene. 
Dewaxed slides were then hydrated to distilled water using alcohol 
dilution grades, at this stage ~1e slides were taken to the dark room. 
A cleaned Coplin jar containing a mixture of 23.5 cm 3 of distilled 
water and 0.5 cm3 of glycerol was placed in a water bath at 43'C, Using 
a brown safe light (S902), 24 cm3 of K5 nuclear emulsion (Ilford) was 
melted in a clear graduated cylinder in the water bath at 43'C. This 
molten emulsion was then added to the mixture of water and glycerol in 
the Coplin jar. This mixture was then stirred with a clean glass rod to 
get an even and bubble-free mixture (checked by using test slide). 
Each slide was dipped in this mixture with emulsion twice to get a 
uniform layer of the emulsion on the sections. The slides were wiped on 
the back and then dried by keeping them on a cold dry surface, which was 
prepared by placing aluminium trays on top of ice. The surface of the 
trays was dried with tissues before placing the slides on the trays. 
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Orying took about 2-3 hours and was sometimes assisted by using a 
current of cold air from a fan. Oried slides were packed loosely on 
slide trays in slide boxes. Two or three small sachets containing 
anhydrous cac1 2 were placed in each box and the boxes wrapped in 
lightproof black paper. The slides were left for 4 weeks at 4"C before 
development. 
Four weeks after exposing the slides to emulsion, the slides were 
unpacked under safe light conditions in the dark room and were moistened 
before developing them. They were developed in neat D-19 developer 
(Kodak) for 5 min. The slides were then rinsed in water to remove 
excess developer, before fixing, which was done for 5 min in 1:6 diluted 
AMFIX (May and Baker) with added S type hardener (May and Baker). After 
fixing, the slides were kept under running water for at least 15 min 
before turning the light on. Slides were then stained with methyl green 
pyronin. 
Silver grains over nuclei were observed using a microscope at X40 
magnification and counts of labelled nuclei were made (see Chapter 5). 
METHYL GREEN PYRONIN STAINING 
This stain, which stains nucleic acids (Opstad, 1959), colours DNA 
green/blue and RNA red. It is useful for revealing the active cells of 
an immune response. It was used in the present study on cryostat 
sections, wax-embedded sections, and smears. The slides were hydrated 
to distilled water by down-grading in four dilutions of alcohol, 5 min 
in each. They were stained with methyl green pyronin for 10-20 min, 
then quickly rinsed in ice cold water to remove excess stain. They were 
• 
differentiated in two or three changes of tertiary butyl alcohol (BDH), 
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30 sec in each, then placed in two changes of xylene, 5 min in each and 
mounted in DPX (BDH). 
CYTOSPIN SMEARS 
Lymphoid organs (spleen and kidney) were removed from fish, rinsed 
in Leibovitz medium (L-15, Gibco, Glasgow, Scotland), then homogenized 
gently in 1.5 cm3 L-15 using a glass tissue grinder. After grinding the 
suspension was kept on ice in the homogenizer for 1 min to allow the big 
particles to settle down. The supernatant was then removed carefully 
(it was rich in lymphocytes) avoiding big particles by using a Pasteur 
pipette. It was placed in a sterile 10 cm3 centrifuge tube (Sterlin, 
U.K.) and centrifuged at 2000 rpm (470g) on an MSE centrifuge. The 
pellet was then washed with 3 cm3 culture medium and resuspended to 0.5 
cm3 with culture medium supplemented with 10% foetal calf serum (FCS, 
Gibco, Glasgow, Scotland). Lymphocytes were counted using an improved 
Neubauer ruling haemotocytomer and suspended to 106 cells cm- 3 • The 
viability of the lymphocytes was tested with 0.5% trypan blue and was 
always over 99%. Suspensions were always kept on ice during 
preparations. 
100 pl of the cell suspension (106 cells cm- 3 ) were loaded in the 
cuvette of a cytospin centrifuge (Shandon) and smears were prepared on 
cleaned (acid alcohol washed) glass slides by spinning at 375-400 rpm 
(14g) for 5 min. Smears were then fixed for 10 min with methanol. A 
maximum of three smear slides were prepared from each organ from the 
small fish. The smears were stained in methyl green pyronin and 
examined as described in Chapter 5. 
APPENDIX I 
FORMULAE 
(i) Phosphate Buffered Saline pH = 7.2 
For tanning the sheep red blood cells (SRBC) 
1: Sodium chloride (NaCl) = 8.00 gm 
2: Potassium chloride (KC!) = 0.2 gm 
3: Disodium hydrogen phosphate = 2.89 gm 
(Na 2Hro4 .12H2o) 
4: Potassium dihydrogen phosphate 
(KH2F04l 
Dissolved in double distilled water and made up 
to one litre. 
(ii) Phosphate Buffered Saline pH 7.2 
For immunofluorescence work on toads. 
NaCl = 8.5 gm 
Na 2Hro4 .12H2o = 2.697 gm 
NaH 2 ro4 .2H2o = 0.39 gm 
Dissolved in double distilled water and made up 
to one litre. 
(iii) Phosphate Buffered Saline pH 7.6 
For immunofluorescence work on fish. 
NaCl = 8.5 gm 
Na 2Hro4 .12ri2o = 3.22 gm 
NaH 2 ro4 .2H 2o = 0.156 gm 
Distilled water to make one litre. 
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(iv) Phosphate Buffered Saline pH 
NaCl = 8.5 gm 
Na2HP04.12H20 = 3.581 gm 
NaH 2 P04 .2H20 = 0.156 gm 
8.oo <o .o1Ml 
Distilled water to make 1 litre. 
(v) Phosphate Buffered Saline pH = 6.4 
For coating SRBC with protein antigen 
0.15M KH 2 P04 = 67.8 cm3 
0.15M Na 2HP04 = 32.2 cm3 
0.85% saline = 100.0 cm3 
(vi) Glycine Saline Buffer pH = 8.2 (0.27M) 
For coating latex particles with HGG 
Glycine 7.567 gm 
NaOH 0.378 gm 
NaCl 9.189 gm 
Dissolved in 500 cm3 double distilled water and 
adjusted pH to 8.2 and then made up to one litre 
with double distilled water. 
(vii) Glycine Saline Buffer pH = 8.2 (0.054M) 
For coating latex particles with HGG. 
Glycine 1.51 gm 
NaOH U.075 gm 
NaCl 1.836 gm 
Dissolved in 500 cm3 double distilled water and 
adjusted pH to 8.2 and then made up to one litre 
with double distilled water. 
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(.viii) Tanni'c Acid., Solution, 
:1'% ·s,tock tannic acid. so'lud.on (il<odak:, London): :can· 'be, pr,epar.ed and, 
' It 'can be used ·for I;IP .to· a' .fortni!ght. 
,t% stqck :solu_t~ion (1 0 1m<j cm-3 'Of 0 ,'BS% sahne') was prepar,ed ·and 
kept at 4 De,, 
·It was: diJ lu.ted .to 0 .'005.% before use, with :0 •. 85'15: S(l.tine (1 ::20Q'), 
,-
CHAPI'ER 3· 
Ti.tle 
Humoral immune respons.es of young. carp, Cyprinus carpio: 
effect of age, route, and type of antigen on seconda~y 
anti:body production · 
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INTRODUCTION 
In the early part of the century little was known about the 
lymphoid organs and immune capabilities of fish. It was Babes and 
Riegler (1903) who showed that fish can produce immune responses. Since 
that time there has been considerable interest in the maturation of the 
immune system of fish particularly in relation to immunization in the 
younger age groups. Within the last decade, work on fish immunization 
has been initiated both by scientists interested from the phylogenetic 
viewpoint and by those concerned about the serious financial losses to 
fish farmers caused by occasional outbreaks of disease. 
Carp can respond very well to soluble protein antigens (Avtalion, 
1969a,b; Richter and Ambrosius, 1972; Weiss and Avtalion, 1977; 
Secombes and Manning, 1980) and to cellular antigens (Smith, 1940; 
Goncharov, 1971; Schaperclaus, 1972; Rijkers, Frederix-wolters and van 
Muiswinkel, 1980a,b; Secombes and Manning, 1980) by producing good 
humoral antibody responses. 
It is known that the humoral response to certain antigens matures 
quite rapidly in fish. Juvenile (1.2g) echo salmon, Oncorhynchus 
kisutch, could produce antibody against Aeromonas salmonicida (Paterson 
and Fryer, 1974) while rainbow trout, Salmo gairdneri, responded to 
Aeromonas liquefaciens approximately 23 days after the commencement of 
feeding (Khalifa and Post, 1976). Rainbow trout could produce anitbody 
against Aeromonas salmonicida vaccine when immunized at three weeks 
post-hatching (Secombes, 1981) and against DNP-KLH (dinitrophenol -
keyhole limpet haemocyanin) at one month post-hatching (Dorson, 1974). 
On the other hand, administration of the soluble protein antigen HGG or 
of sheep erythrocytes (SRBC) not only failed to elicit antibody 
production but induced tolerance when injected respectively into 3 week 
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old rainbow trout and 4 week old carp (Secombes, 1981; van Loon, van 
Oosterom and van Muiswinkel, 1981; see Chapter 1). The response to 
these thymus-dependent antigens therefore differs markedly from that to 
Aeromonas salmonicida vaccine, an antigen which does not appear to 
require T-cell help (see Manning and Jurd, 1981). This aspect is 
examined further in Section I of the present chapter by comparing the 
antibody responses given by 4 week old carp primed with Aeromonas 
salmonicida vaccine with those obtained using HGG either in solution or 
coated onto latex particles. The experiments included some longer term 
studies to examine the duration of tolerance. Also in a number of the 
experiments, the primary form of antigen administration was repeated 
before the animal was challeng~d. This was done to ensure continuity of 
antigen presence, because in higher vertebrates it has been shown that 
persistence of antigen is important for the maintenance of the tolerant 
state (Mitchison, 1962). In addition, in a few experiments, the fish 
received a second challenge injection to ensure that the challenge had 
been sufficiently effective. 
A consideration of practical importance is that of the route of 
antigen administration. For experimental purposes fish are usually 
injected either intramuscularly (Ingram and Alexander, 1976, 1979; 
Michel, 1979; Rijkers, Frederix-Walters and van Muiswinkel, 1980a), or 
intraperitoneally (Paterson and Fryer, 1974; Antipa and Amend, 1977; 
Secombes and ~lanning, 1980; Lamers and Pilarczyk, 1982; Stolen, Gahn 
and Nagle, 1982; Agius, Horne and Ward, 1983). Injection is an 
effective method of antigen administration which induces good secondary 
responses. It has the advantage that the dose given to each fish can be 
readily controlled but it is a difficult method for the fish farmer to 
use, and stressful to the fish. 
An alternative method, that of oral administration of the vaccine, 
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delivered by mixing it with the food, was tested by Duff (1942) and 
adopted by many workers in the nineteen-sixties (Krantz, Reddecliff and 
Heist, 1963; Post, 19b6; Klontz, 1967). This method has had some 
success; see the reviews of Klontz and Anderson (1970), Snieszko (1970) 
and the more recent experiments of Smith, McCarthy and Paterson (1980) 
on furunculosis vaccination. In carp the anterior and posterior parts 
of the gut are particularly important in the uptake of antigen delivered 
via the oral route (Oavina, Parmentier and Timmermans, 1982). Fletcher 
and White (1973) suggested that protection resulted from the oral 
immunization inducing high levels of antibody in intestinal mucus, but 
not in the cutaneous mucus of the same fish. A more recently 
recommended method of vaccination, that of direct immersion in a bath 
containing a high concentration of antigen, is considered in Chapter 4. 
These methods have a disadvantage over that of administration of antigen 
by injection in that the dose received by each fish is not easy to 
regulate; also in the case of oral administration, fish in poor 
condition may not feed very readily. Both methods are, however, 
relatively non-stressful and easy to use. 
For carp (at 22"C), it is known that from the age of 8 weeks 
onwards, it is no longer possible to induce tolerance to HGG using 
intraperitoneal or intramuscular injections (Secombes and Manning, 1980, 
1982; Secombes, 1981). In work described in Section II of the present 
chapter, carp aged 9-10 weeks were used to determine whether this is 
also true for other routes of antigen administration, The object was to 
select for investigation routes of primary exposure to antigen which, 
from mammalian experience, might be potentially tolerogenic in immature 
animals (the oral route, intra-thymic injection, and the administration 
of antigen in soluble form 'illithout adjuvant), The fish were later 
challenged with an immunogenic does of the antigen injected 
intraperitoneally in Freund's complete adjuvant (FCA) and the outcome, 
immunity or tolerance, determined. 
47. 
l'lork is also described in this chapter in which foreign albumins 
were used as the antigen. The trapping of this type of foreign protein 
in the lymphoid tissues is described in Section III. 
MATERIALS AND METHODS 
Animals and immunization 
Mirror carp, Cyprinus carpio aged 4 weeks, 9-10 weeks, or 6 months 
to one year old were used in the experiments described in this chapter. 
They were obtained, maintained, and immunized by methods described in 
Chapter 2. All experiments were carried out at 20 ± 2"C. 
Antigens, antibody titrations, and immunofluorescence 
The antigens used in these experiments, formalin-killed Aeromonas 
salmonicida bacteria, human gamma glob•llin (HGG), HGG coated onto latex 
particles, ovalbumin (OVA), human serum albumin (HSA) in soluble and 
heat aggregated form, and keyhole limpet haemocyanin (KLH) were prepared 
as outlined in Chapter 2. Methods for serum ~ollection and antibody 
titrations are also described in Chapter 2. The technique of passive 
haemagglutination modified from Stavitsky (1954) was employed for 
antibody produced against soluble antigens, while the direct tube test 
was used for bacterial agglutinins produced against Aeromonas 
salmonicida. 
Antigen was detected using immunofluorescence by the direct method 
described in Chapter 2. 
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Experimental design 
Section I 
The experiments described in this section were designed to 
determine whether immunological memory could be induced in carp primed 
when one month old and, if so, whether the outcome was positive memory 
on subsequent exposure to the antigen, or immunological tolerance. The 
protocol is shown in Figure 7. Numbers of fish are shown on Tables 3 to 
9. Five groups of animals were used as follows:-
Group A, The carp were injected intraperitoneally (i.p.) with HGG, HGG 
coated onto latex particles, OVA, or Aeromonas salmonicida vaccine 
delivered in saline at 4 weeks old·. They were then challenged with the 
antigen given i,p. in adjuvant at 9-10 weeks old, then killed and tested 
for antibody production at 15-16 weeks old, 
Group B. In this group the primary treatment administered at one month 
old was reinforced at two months old; i,e, antigen was delivered in 
saline at the age of 4 weeks and 9 weeks, a challenge injection of 
antigen in adjuvant was given at the age of 14 weeks, and the animals 
killed for antibody testing at the age of 19-20 weeks, 
Group C, This was a longer term experiment in which treatment was 
similar to that of Group B except that killing and antibody testing was 
postponed to the age of 28 weeks. 
Group D, This experiment was designed to examine the duration of memory 
by increasing the gap between primary treatment and challenge. The 
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priming doses were given by injecting the antigen in saline at weeks 4 
and 9 (as in groups Band C). The challenge was made by injecting the 
antigen in adjuvant at 22-23 weeks old and the animals were killed for 
antibody testing at 28 weeks old. 
Group E. In this group the challenge was reinforced. The primary 
injection was given at 4 weeks old, the challenge injection in adjuvant 
was given at week 9 and again at week 17-18. The animals were killed 
for antibody testing four weeks later at 21-22 weeks old. 
Section II. This section describes experiments in which carp aged 9-10 
weeks were primed with soluble antigens (HGG, OVA or KLH) administered 
in saline by different routes, intraperitoneal, intramuscular, 
intrathymic or oral. The challenge injection was given 
intraperitoneally in adjuvant at the age of 13-14 weeks and the animals 
killed for antibody testing at the age of 21-22 weeks. The protocol is 
shown on Figure 8. For numbers of fish see Tables 10 to 12. 
In both Section I and Section II, the experiments included control 
fish which had received saline only, or no treatment, at the time of 
priming, so that for them the "challenge" injection was, in fact, their 
first encounter with the antigen. Other animals received the primary 
treatment only and no challenge. 
In Section III an experiment is described in which the antigen trapping 
capabilities of the carp were investigated by determining whether the 
soluble antigen HSA is localized in the lymphoid tissues in a manner 
similar to that described for HGG by Secombes and Manning (1980) and 
Secombes, Manning and Ellis (1981). This was of interest in view of the 
Fig:S Protocol for Immunization by injection. 
(Fish aged 9-10 weeks at the beginning of the experiments). 
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poor antibody producing performance of fish to foreign albumins. The 
direct single layer immunofluorescent technique was employed to detect 
antigen using fluorescein-conjugated anti-HSA antibodies produced in 
rabbit (Nordic Immunology, Tilburg, The Netherlands), Six month to one 
year old carp were injected i.p. with HSA in FCA or with heat-aggregated 
HSA and the localisation of antigen in the spleen, pronephros and 
opisthonephros of the fish determined at weekly intervals from week 1 to 
week 7 after injection of the antigen. 
RESULTS 
Section I 
In a pilot study, the results of-which are shown in Table 3, 
soluble HGG was found to be tolerogenic when injected into 4 week old 
carp. The fish treated at this age failed to produce antibody after 
secondary challenge at a time (9-10 weeks old) when carp can normally 
respond to HGG administered in adjuvant (Secombes, 1981) and when those 
fish which had received either saline or an unrelated antigen (OVA) in 
the primary injection (instead of HGG) were able to do so. 
Table 4 shows the results of a larger scale experiment, set up 
along similar lines to the pilot study but, in groups B and C, 
postponing challenge until the third month of life, Here, as in the 
pilot experiment, carp which received a primary injection of HGG with no 
subsequent challenge showed no antibody production in any group, 
Furthermore, this primary injection was again found to be tolerogenic; 
the fish injected with HGG at 4 weeks old showed either no antibody 
production after challenge (groups A and C) or only very low anti-HGG 
antibody titres (group B), compared with the high levels shown by their 
controls. The results for group C in which the fish were tested at 
Table 3 
Humoral antibody production in young carp 
Humoral antibody titre (passive haemagglutination) in carp Cyprinus 
carpio kept at room temperature (20 + 2"Cl immunized with 25 ~g g-1 
body weight of HGG (Human gamma globulin) or OVA (ovalbumin) at the 
age of 4 weeks intraperitoneally (i.p.). The Challenge injection 
(i.p. in adjuvant) was given at the age of 9-10 weeks and fish were 
tested when 15-16 weeks old. 
Anti-HGG passive haemagglutination , 
Primary 
treatment 
Saline only 
Challenge 
injection 
saline in 
adjuvant 
antibody titre · 1 
I 
Titre No. of fish I 
I 
0 ( 8) 
saline ~ " ( 7) I~· w 0 
: HGG in saline " 0 (8) i 
I Saline only _I 
OVA in saline ! 
HGG in saline 
HGG in 
adjuvant 
" 
" 
8, 12 (17) 
12 (8) 
0, 0, 0 ( 22) 
Each figure represents the -log 2 anti-HGG titre for serum pooled 
from 7-10 fish. 
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Table 4 
Humoral antibody production in young carp Cyprinus carpio to HGG 
(Human gamma globulin) injected intraperitoneally in soluble form 
-1 (25 ~g g body weight) kept at room temperature (20 + 2"C) 
All fish were 4 weeks old when first injected with HGG in saline. 
Group A: were challenged with BGG in adjuvant (i.p.) when 9-10 weeks old 
and tested for antibody production when 15-16 weeks old. 
Group B and C: received a second injection of BGG in saline at 9 weeks old 
and were then challenged when 14 weeks old and tested for antibody 
production at 19-20 weeks old (Group B) er at 28 weeks old (Group C) 
i Anti-HGG passive haemagglutination antibody titre 
Primary Challenge 
' treatment injection Group A Group B Group c 
Titre No. of Titre No. of Titre No. of fish fish fish 
Saline only Saline in 0 (6) 0 (6) 0 (2) 
adjuvant 
HGG in saline " 0 (7) I 0, 0, 0 (20) 0 ( 3) I 
I 
I 
" " None N.T I 0 (6) N.T 
! 
I 
Saline only BGG in 8, 12 (13) I 12, 13 ( 14) 6 ( 3) 
adjuvant I 
" I o, i (19) BGG in saline 0 ( 12) 0, 2, 2 0, 0, 0 ( 13) 
I 
Each figure represents the -log 2 anti-HGG titre for serum pooled from 2-8 
fish. 
N.T = not tested 
; 
I 
I 
i 
' I
! 
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14 weeks (rather than 5-6 weeks) after challenge indicates that the 
tolerance represents a failure, not merely a delay, of antibody 
production. By pooling the data for all three groups (A, Band C) of 
Table 4 and performing a Mann-Whitney U test, it can be demonstrated 
that the suppression of antibody production in fish exposed to a primary 
dose of HGG at 4 weeks old is highly significant. P = 0.001 when their 
antibody levels are compared with those of the saline-treated controls 
(experimental groups 0,5 ± S.E. 0.3, controls 10.2 ± 1 .21). 
In the experiments shown in Table 5, the soluble antigen HGG had 
been coated onto latex particles to see whether its presentation in 
particulate form might influence the outcome of early exposure to the 
antige~. From Table 5 it can be seen, however, that the HGG was still 
tolerogenic and that the results do not differ greatly from those 
displayed in Table 4 for the soluble form of HGG, except perhaps in the 
longer term experiment (group C), Here the levels of antibody shown by 
fish given latex particles alone at 4 weeks old are not much higher than 
those for fish treated with HGG-coated particles, This is, in part, 
however due to a fall off in antibody titres in the control fish by week 
28. When all three groups are pooled, the suppression of antibody 
production in fish exposed to HGG at 4 weeks old remains significant 
(P = 0.01 - 0,001 in the Mann-Whitney U test; titres of 0.6 ± S.E. 0.37 
for the experimental groups, 6.6 ± 1.18 for controls). 
The results obtained when formalin-killed Aeromonas salmonicida 
vaccine was used as the antigen are shown in Table 6, The findings are 
in marked contrast to those obtained using HGG. There is no hint of 
tolerance induction following injection of this bacterial antigen into 4 
week old carp. On the contrary, the antigenic exposure primed the young 
fish to give an improved secondary response on challenge, Thus, when 
; 
Table 5 
Humoral antibody production in young carp Cyprinus carpio to HGG 
(Human gamma globulin) injected intraperitoneally on latex particles 
-1 (25 ~g g body weight) kept at room temperature (20 + 2°C) 
All fish were 4 weeks old when first injected with HGG on latex particles. 
Group A: were challenged with HGG in adjuvant (i.p.) when 9-10 weeks old 
and tested for antibody production when 15-16 weeks old. 
Group B and C: received a second injection of HGG on latex particles at 
9 weeks old and were then challenged when 14 weeks old and tested 
for antibody production at 19-20 weeks old (Group B) or at 28 weeks 
old (Group C) . 
Anti-l!GG passive haemagglutination antibody titre 
Primary Challenge Group A Group B Group treatment injection 
Titre No. of Titre No. of Titre fish fish 
Latex Saline in 0 (6) I 0 (6) N.T particles only adjuvant 
HGG on latex 
" 0 ( 7) 0,0,0 (21) 0,0 particles 
" " None 0 (6) I 0,0 I 
( 16) N.T 
Latex HGG in 8, 10 ( 13) 8 (7) 3,4 particles only adjuvant 
HGG on latex 
" 0 (7) 0,0,0, 1 (28) 0,0,0,0,2,4 particles 
Each figure represents the -log 2 anti-HGG titre for serum pooled from 
4-B fish. 
N.T = not tested 
c 
No. of 
fish 
(8) 
( 10) 
(28) 
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Table 6 
Humoral antibody production in young carp, Cyprinus carpio to 
Aeromonas salmonicida vaccine injected intraperitoneally (108 formalin-killed 
-1 
cells g body weight) kept at room temperature (~0 + 2°C) 
All fish were 4 weeks old when first injected with Aeromonas salmonicida 
vaccine in saline. 
Group A: The fish were challenged with Aeromonas salmonicida vaccine in 
adjuvant when 9-10 weeks old and tested for antibody production 
when 15-16 weeks old. 
Group B ond C: The fish received a second injection of Aeromonas salmonicida 
vaccine in saline at 9 weeks old. They were then challenged when 
14 weeks old and tested for antibody production at 19-20 weeks old 
(Group B) or at 28 weeks old (Group C). 
I Anti-Aeromonas agglutinating antibody titre 
Primary Challenge 
c Group A Group B Group treatment injection 
Titre No. of Titre No. of Titre No. of fish fish fish 
Saline only Saline in 0 (6) 0 (6) 0 (2) 
adjuvant 
Latex 
" 0 (6) 0 (5) N.T particles only I 
A. salmonicida 
" 4,4 ( 16) I 4,6 ( 17) 4,5 (6) in saline 
I 
I 
" " None 4,5 (12) I 
5,6 ( 15) 4 (4) 
I 
Saline only A. salmonicida 6 (8) 7 ( 7) 7,8,9,9 ( 12) in adjuvant 
! I I I~- salmonicida I 
" " 9,9 ( 16) 12, 13 (15) 8,9,9, 12,13 ( 15) in saline 
: 
Each figure represents the -log 2 anti-Aeromonas titre for serum pooled from 
2-8 fish. 
N.T = not tested 
I 
I 
I 
I 
' 
I 
I 
' 
I 
I 
I 
I 
I 
' 
' 
' 
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the antibody titres from groups A, B and C are pooled and fish which 
received both primary and challenge injections are compared with those 
given the challenge injection alone, the difference is highly 
significant, P = 0.01 - 0.001 (titres of 10,4 :r S.E. 0.63 cf. 7,7 ± 
0 .45). 
In contrast to the results using HGG, even the primary treatment 
with Aeromonas salmonicida vaccine was able to elicit an antibody 
response in the young carp. Thus fish which received the primary 
injection only, and no secondary challenge with vaccine, produced 
antibody titres of 4.6 ± S.E. 0.23 (groups A, Band C pooled). 
Furthermore, using this antigen, good antibody titres were maintained up 
to the end of the experiment (i.e. they were still high in group C), 
The results for fish of group D (the experiment designed to test 
the longer term duration of tolerance) are given in Table 7. They show 
that the suppression of antibody formation induced by early exposure to 
HGG lasts at least up to week 28, the difference between antibody titres 
obtained from control fish and fish exposed to HGG at week 4 being 
significant (P = 0,01, Mann-Whitney U test), The tolerogenic effect was 
maintained when the HGG was coated onto latex particles as well as when 
administered on its own. As reported above for groups A, B and C, the 
converse effect was obtained using Aeromonas salmonicida vaccine; early 
exposure to the bacterial antigen again resulted in enhanced antibody 
titres. 
In the experiments displayed in Table 8, the fish had received two 
challenge injections (group E). Although some antibody was produced by 
the group exposed to HGG (in solution or coated onto latex particles) at 
4 weeks old, the levels were again very much lower than those obtained 
following HGG challenge of saline-primed or untreated control fish. 
I 
I 
I 
I 
I 
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Table 7 
Humoral antibody production in young carp Cyprinus carpio to BGG (Human 
gamma globulin) injected intraperitoneally in soluble form or on latex particles 
-1 8 (25 ~g g body weight) or to Aeromonas salmonicida vaccine (10 formalin-killed 
-1 
cells g body weight) kept at room temperature (20 + 2"C) 
All fish were 4 weeks old when first injected with antigen. 
Group D: received a second injection of the same antigen at 9 weeks o+d and 
were then challenged 3 months after the second injection when 22-23 
weeks old and tested for antibody production at 28 weeks old. 
Anti-BGG or Anti-A. salmonicida antibody titre 
Primary Challenge 
treatment injection Group D 
Titre No. of fish 
Saline only lfX in adjuvant 8 (2) 
Latex 
" " 7,9 (5) particles only 
BGG in saline " " 0,0 (4) 
HGG on latex 
" " 0,0,0,4 (12) particles 
Saline only A. salmonicida 6,7 (6) in adjuvant 
A. salmonicida 
" " 10·,11,13 (8) in saline 
Each figure represents the -log 2 anti-HGG or anti-Aeromonas antibody titre for 
serum pooled from 2-3 fish. 
Table 8 
Humoral antibody production in young carp Cyprinus carpio to HGG 
(Human gamma globulin) injected intraperitoneally in soluble form or on 
-1 latex particles (25 ~g g body weight) kept at room temperature (20 + 2"Cl 
All fish were 4 weeks old when first injected with HGG in solution or on 
latex particles. 
Group E: The fish received two challenge injections 8 weeks apart. The 
first challenge was given when 9 weeks old and second when 17-18 
weeks old, and were tested for antibody production at 21-22 weeks 
old. 
60. 
Anti-HGG passive haemagglutination antibody titre j 
Primary Challenge 
treatment injection Grouo E 
Titre No. of fish 
Saline only Saline in 0 (5) 
adjuvant 
Untreated HGG in 10, 13 ( 15) 
adjuvant 
Saline only " 11' 12 (14) 
HGG in saline " 3 (5) 
I HGG on latex 
" 2 (5) 
! particles 
Each figure represents the -log 2 anti-HGG titre for serum pooled from 5-8 
fish. 
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Figure 9 presents a composite picture of the results displayed in 
Tables 4, 5 and 6. It emphasizes the difference between the tolerogenic 
consequences of early exposure to HGG and the positive immunogenic 
effect of priming with a bacterial antigen at 4 weeks old in carp. 
When ovalbumin (OVA) was used as an antigen in these experiments 
instead of HGG, it proved to be non-immunogenic even following challenge 
(Table 9). 
Section II 
The fish used in the experiments described in this section were 
aged 9-10 weeks when first exposed to soluble protein antigens. The 
results are shown in Tables 10 to 12. The most obvious difference 
between the findings displayed in Table 10 and those described in 
Section I, is that by the age of 9-10 weeks, the carp are no longer 
rendered tolerant by exposure to HGG administered in saline. Regardless 
of the route of primary exposure, the young fish were still able to 
produce an antibody response to HGG after challenge. This is true even 
for the more potentially tolerogenic routes, injection of antigen 
directly into the thymus and delivery by mouth. There was, in fact, a 
small positive effect, i.e. a slight enhancement of the antibody titres 
following priming, the mean of differences between groups receiving 
treatment at 9-10 weeks old and those receiving the challenge injection 
only, being 3.5 ± (S.E.) 1.1 degrees of freedom 6, P = 0.01 - 0.001. 
Table 11 documents the use of a different soluble antigen, keyhole 
limpet haemocyanin (KLH). This was administered to 9-10 week old carp 
by the oral and intraperitoneal routes. The results are similar to 
those for HGG, i.e. the primary exposure to antigen had a positive, 
Fig.9 
12 
11 
10 
9 
8 
Humo r a l antibody production in yo ung carp Cyprinus carpio immunized by intraperitoneal injection with 
soluble or particulate antigens 
All fish were 4 weeks o ld when first injected . Ve rtical bar ind~cates standard error 
(d. f.) degrees of freedom (replica t e t ests o n pooled serum) . 
HGG i n soluble form HGG on late x particles Aeromonas salmonicida 
11 
10 
9 
tl) 8 
Q) 
1-4 
.j..l 
·.-1 7 .j..l 
1:: 
·.-I 6 c:: 
·.-I 
.j..l 
;:l 
.-1 5 o-. 
o-. 
C1l 
Ul 4 
<l: 
I 
..; 3 
.j..l 
c:: 
C1l 
N 
2 
o-. 
0 
.-1 1 
Primed witii: -Sal. only llGG in Sal. Latex only HGG on Latex Sal. only A.s in Sal. 
Challenged 
Total no .of fish 
used 
(d. £ . ) 
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Pooled date for grouFJs A, 8 and C 
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I 
Table 9 
Humoral antibody production in young carp Cyprinus carpio to OVA 
-1 (ovalbumin) injected intraceritoneally in saline (25 ~g g body weight) 
kept at room temperature (20 + 2"C) 
All fish were 4 weeks old when first injected with OVA or HGG. 
The challenge injection was given at the age of 9-10 weeks and were tested 
for their antibody titre at the age of 15-16 weeks (Group A) . 
63. 
I Anti-OVA passive haemagglutination antibody titre I Primary Challenge Group A treatment injection 
Titre No. of fish 
Saline in I Saline only 
adjuvant 0 (6) 
HGG in saline " 0 (9) 
r:NA in saline " 0 (7) 
r:NA in Saline only 0 (9) 
adjuvant 
I Latex " 0 (9) particles only I 
HGG in saline " i I 
0 ( 10) 
OVA in saline u 0,0 (21) 
I 
Each figure represents the -log 2 anti-OVA titre for serum pooled from 6-11 
fish. 
i 
I 
! 
I 
i 
I 
! 
I 
I 
I 
I 
Table 10 
Humoral antibody production in young carp Cyprinus carpio to RGG 
-1 (Human gamma globulin) injected by different routes (25 ~g g body 
weight) kept at room temperature (20 + 2°C) 
All fish were 9-10 weeks old when first treated with HGG in saline (or 
in adjuvant) or an unrelated antigen CNA (ovalbumin) in saline. 
The fish received the challenge injection in adjuvant 4 weeks after the 
primary treatment at the age of 13-14 weeks and were tested for antibody 
production at 21-22 weeks old. 
I 
Anti-HGG passive haemagglutination 
Primary Challenge antibody titre 
treatment injection 
I Titre No. of fish 
Control: saline i .p.' Saline in i.m.' oral or adjuvant 0,0,0,0 (34) intra thymic 
Saline only i.p. sa; in 5 (7) 
adjuvant 
" " oral " 6 ( 7) 
unrelated antigen (OVA) 
" 2 ( 8) in saline i.p. 
" " i.m. " 9 (10) 
" " oral " 1 (6) 
" intra thymic " 7,8 (17) 
Saline in adjuvant i.p. " 7 (6) 
HGG in saline i.p. " 8,8,9 (24) 
" " i.m. " 9 (7) 
" " oral " 7,9 (15) 
" intra thymic " 10, 11 (18) 
HGG in adjuvant i.p. " 7,8,9,11 ( 31) 
Each figure represents the -log 2 anti-HGG titre for serum pooled from 
6-10 fish. 
i.p. intraperitoneal 
i.m. intramuscular 
64. 
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Table 11 
Humoral antibody production in young carp Cyprinus carpio to KLH 
(Keyhole limpet haemocyanin) delivered intraperitoneally (i.p.) or 
-1 
orally (25 ~ g body weight) kept at room temperature (20 + 2°C) 
All fish were 9-10 weeks old when first treated with KLH in saline (or 
in adjuvant) or an unrelated antigen HGG in saline. 
The fish received the challenge injection in adjuvant 4 weeks after the 
primary treatment at the age of 13-14 weeks and tested for antibody 
production at 21-22 weeks old. 
Anti-KLH passive haemagglutination 
Primary Challenge antibody titre 
treatment injection 
Titre No. of fish 
Control: saline i.p. Saline in 0,0 ( 1 7) 
or oral adjuvant 
Saline only i.p. KLH in 8 (6) 
adjuvant 
" " oral " 6 (6) 
Saline in adjuvant i.p. " 9 (6) 
Unrelated antigen 
" 7 (6) (HGG) in saline i.p. 
KLH in saline i.p. " 13 ( 7) 
" 
11 oral 11 11 (8) 
I 9,10,12,16 KLH in adjuvant i.p. 11 (29) 
I I 
Each figure represents the -log 2 anti-KLH titre for serum pooled from 
6-9 fish. 
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slightly enhancing effect, on antibody production, Titres in the fish 
primed with KLH and subsequently challenged with KLH were higher than 
those primed with saline or an unrelated antigen (HGG) prior to 
challenge with KLH (P = 0,01 - 0,005, Mann Whitney U test), 
When ovalbumin (OVA) was used as an antigen to test the effects of 
different routes of antigen administration in 9-10 week old carp (Table 
12), it was still found to be non-immunogenic, or only very weakly 
immunogenic, even on challenge, as had been the case for the 4 week old 
carp described in Section I, 
Section III 
Both in the experiments of Secombes (1981) and in the work 
report-ed in this chapter, a foreign serum albumin was used as an 
alternative antigen because it had been hoped to test for the 
specificity of anti-HGG memory using a second soluble foreign protein, 
Unfortunately, both in the work of Secombes using bovine serum albumin 
(BSA) and in the work reported in Sections I and II of this chapter 
using OVA, the foreign albumin proved to be non-immunogenic in the young 
carp. 
To test the immunogenicity in older fish, six month to one year 
old carp were used and injected i.p. in adjuvant either with OVA or with 
human serum albumin (HSA), Various immunization schedules were used in 
an attempt to raise serum antibodies but none was successful, 
Experiments using OVA included giving two doses of antigen in adjuvant 
on day 0 and day 12 and testing at 4, 6 and 8 weeks after the second 
injection; and giving two doses either 4 weeks or 8 weeks apart and 
testing 4 weeks later, The maximum titre obtained from any of these 
67. 
Table 12 
Humoral antibody production in young carp cyprinus carpio to OVA 
- 1 (ovalbumin) i njected by different routes (25 ~g g body weight) 
kept at room temperat ure (20 + 2°C) 
All fish were 9-10 weeks old when first treated with OVA in saline (or in 
adj uvant ) or an un.related antigen HGG (Human gamma globulin) in saline . 
The fish r ecei ved the c hal l enge injection in adjuvant 4. weeks after the 
primar y treatment at the age of 13-14 weeks and tes t ed for antibody 
producti on at 21-22 weeks old. 
Ant i -OVA passive haemagglutination 
Primary Challe nge antibody titre 
treatment i n j e ction 
Titre No. of fish 
Control: Saline, i.p ., i.m. Saline i n 0 , 0,0 , 0 (34) 
cra l or i ntra thymic adjuvant 
unrelated antigen (HGG) OV,A i n 0 (8) i n sal i ne i.p. adjuvan t 
" " i.m. " 2 (8) 
" " oral " 0 (6) 
" intrathymic 11 2 ( 8) 
OVA i n saline i.p. " 0 (6) 
11 
" i.m. " 1 (10) 
" " oral 
I " 
0 (8) 
" intra thymic 
I 
I " 1 (8) 
I 
OVA i n adjuvant i.p . " 0, 1 (17) 
Each figure represents the -log 2 anti- OVA titre for serum pooled from 6- 10 
fish. 
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Fig. 10. 
Fig. 11. 
T.S of carp kidney (Opisthonephros) 
Direct immunogluorescence showing localization of 
HGG (Human gamma globulin) in the kidney of a one 
year old carp injected with HGG in adjuvant. The 
fish was sacrificed 21 days after injection for 
cryostat sections (10 ~) • 
n.t = nephric tubules. 
T.S' of carp spleen 
Direct immunofluorescence showing localization of 
HGG (Human gamma globulin) in the spleen of a one 
year old carp injected with HGG in adjuvant. The 
fish was sacrificed 21 days after injection for 
cryostat sections (10 ~). 
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Table 13 
Immunofluorescence indicating antigen localization in lymphoid organs of one year old carp 
Cyprinus carpio injected with HSA (Human serum albumin) in adjuvant or heat aggregated HSA 
at weekly intervals from week 1-7 after injection (together with antibody titres) 
TIME IN WEEKS AFTER INJECTION 
Treatment 
1 2 3 4 5 6 
Ul spleen - - , + - , +, +, + - , +, + - , + - , -
~ pronephros + - * - - +, * - - + - + - -HSA in adjuvant 0'1 , , , , , , , ~ 
0 opisthonephros - - + - - - - - - * - + - -
' 
, , , , , , , 
Antibody titre 0 0, 0 0, 0, 2, 3 0, 0, 0 0, 0 0, 0 
Ul spleen - , -
' 
- , - - , - - , + - , +, + -
' 
- , - - , + 
~ pronephros - - - + - - - - - - + - - + - -Heat aggregated 0'1 , ' ' , I , , , , , ~ HSA in saline opisthonephros - , -
' 
- , - - , - - , + - , - , + - , -
' 
- - , + 
Antibody titre d, 0, 0, 0 0, 0 0, 0 0, 0, 1 0, 0, 0 0, 0 
Each symbol or figure · (-log 2 anti HSA antibody titre) represents one fish. 
No fluorescence 
+ Very diffuse 
* Bright fluorescence 
7 
- , + 
- + , 
- -, 
0, 0 
N.T. 
N.T. 
N.T. 
N. T . 
--.] 
0 
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tests was a passive haemagglution titre -log 2 of 3 (using 19 fish). 
Similar results were found using HSA injected in adjuvant either on day 
0 and day 12 or on day 0 and day 56 and tested 4-6 weeks later. 
To discover whether the failure of antibody production to foreign 
antigens was associated with any deficiencies in antigen trapping, one 
year old carp were given one injection of either HSA in adjuvant or 
heat-aggregated HSA in saline and killed at weekly intervals from one 
week to 7 weeks after injection. The number of fish tested and the 
results of this experiment are shown in Table 13. Cryostat sections 
taken from spleen, pronephros and opisthonephros and examined by direct 
immunofluorescence showed only diffuse and low levels of antigen 
trapping. Although occasional localization of HSA was seen in the 
pronephros and opisthonephros, this was sporadic and relatively weak. 
HSA was not detected in the ellipsoids of the spleen, an area in which 
Secombes and Manning (1980) reported strong antigen trapping of HGG and 
where BSA is localized in plaice (Ellis, 1974, 1980). Also in contrast 
to the findings of Secombes, Manning and Ellis ( 1982a) for HGG, heat 
aggregation did not improve the trapping of HSA. 
When HGG was used as the antigen !in place of HSA), the results 
obtained were similar to those of Secombes and Manning (1980), i.e. 
bright areas of fluorescence were found in the pronephros, 
opisthonephros (Fig. 10) and around the ellipsoids of the spleen (Fig. 
1 1 ) • 
DISCUSSION 
The results presented in Section I provide a clear indication that 
the soluble protein antigen HGG can induce antibody tolerance in 4 week 
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old carp, as well as in young trout (Secombes, 1981). Furthermore the 
use of a latex particle carrier did not prevent this tolerogenic 
effect. It is not known to what extent the HGG remains particle-bound 
within the body. Nevertheless this evidence, added to the findings 
using SRBC reported by van Loon, van Oosterom and van Muiswinkel (1981), 
strongly suggests that thymic dependence is more important than physical 
presentation (particle-borne or soluble) in determining the outcome of 
early exposure of young fish to antigenic stimulation. 
The results using a ~1ymus independent bacterial antigen, 
Aeromonas salmonicida vaccine, were strikingly different from those 
using HGG. Four week old carp were able to give a primary antibody 
response to this antigen and the priming led to enhanced antibody 
responses on secondary exposure. This gives strong support to the 
suggestion made by Etlinger, Chiller and Hodgins (1979) that young fish 
give their best responses to antigens which are thymus-independent in 
the mammal, Data substantiating a functional heterogeneity of 
lymphocytic populations in fish are strong. This heterogeneity has many 
of the attributes of a T-cell/B-cell dichotomy but it has not yet been 
proven to involve thymus-derived and thymus-independent cells (see Ellis, 
1982; Manning, 1984). The distinction between the responses given by 
4-week old carp ~n the present experiments to antigens which are 
thymus-dependent and thymus-independent respectively in other 
vertebrates, lends support to the idea ~1at there may be readily 
tolerized T-equivalent cells in fish, although clearly a wider range of 
thymus-dependent and thymus-independent antigens must be tested before 
such interpretations can be established, In the experiments of van 
Loon, van Oosterom and van Huiswinkel ( 1 981 J t:he tolerance. to SRBC 
induced in young carp lasted at least three months. The present 
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experiments using HGG demonstrate memory (tolerance duration) at least 
up to week 28, 
The experiments on 9-10 week old carp described in Section II show 
that by this age HGG no longer induced tolerance, The fish could react 
positively both to HGG and KLH, and a second encounter with the antigen 
produced some enhancement of the antibody levels. This confirms the 
findings of Secombes and Manning, 1980 that 3-month old carp are capable 
of giving antibody responses comparable to those of one year old fish, 
although it is not until carp are· some 10-12 months old that the full 
adult kinetics in antibody production is achieved (Secombes, 1981; 
Manning, Grace and Secombes, 19~2 a & b), Three month old carp appear 
to be more advanced than juvenile mullet in this respect (see Chapter 
6), Also young rosy barbs at 3-4 months old showed significantly lower 
responses than 9 month old fish (Rijkers and van Muiswinkel, 1977). 
The experiments presented in Tables 10 and 11 placed special 
emphasis on potentially tolerogenic routes of antigen administration, 
Thus in some young mammals ingestion of protein antigens can lead to the 
induction of tolerance (Silverman, Peri and Rothberg, 1982). 
Administration of HGG or KLH by the oral route did not prove tolerogenic 
in 9-10 week carp, however, Similarly in mammals direct delivery of 
antigen into the thymus is highly tolerogenic, Indeed in rabbits and 
mice tolerance was induced in 100% of the intra-thymically injected 
animals (Ohara, Shimizu, KaKinuma, Kimura and Okada, 1979), This 
procedure did not, however, induce tolerance in carp. It is possible 
that the antigen did not remain sufficiently long in the thymus of the 
fish to achieve an effect. Nevertheless, it is known that soluble 
substances injected into the fish thymus can reach the thymocytes 
because the work of Grace (1981) demonstrated that thymocytes were 
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labelled with radioisotope when tritium-labelled thymidine was injected 
directly into the thymus of trout. 
Fish frequently fail to respond well to foreign albumins. In 
carp, Secombes (1981) was unable to raise any antibodies to BSA but 
obtained good responses using OVA. Avtalion (1969 a & b) and Avt~lion, 
Malik, Lefler and Katz (1970), also using carp, were able to obtain 
antibody production against BSA. This same antigen could also induce 
tolerance, however, even in the adult (Serero and Avtalion, 1978). In 
the present experiments neither OVA nor HSA was immunogenic and antigen 
localization studies for HSA showed poor antigen trapping in the 
lymphoid tissues. It was suggested by Secombes, Manning and Ellis 
(1982a) from their experiments using HGG, that antigen trapping in carp 
involves the retention of antigen- antibody immune complexes. Failure 
of antibody formation against HSA and the deficiencies in antigen 
trapping described in the present investigation may therefore be 
related. 
CHAPI'ER 4 
Title. 
Humoral antibody production' in young, carp, Cypri.nus carpio, 
in r.esponse to di·rec.t. i'mmersion in antigen 
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INTRODUCTION 
In recent years there has been considerable interest in finding 
convenient ways to vaccinate fish using methods other than those of 
injection or vaccine administration in the food, Gould, O'Leary, 
Garrison, Rohovec and Fryer (1978) and Hockney (1984) sprayed the 
vaccine on the fish and found the effective uptake of vaccine was 
through the gills, uptake across the skin being negligible. 
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Hyperosmotic infiltration is a method which involves dipping the fish in 
a hyperosmotic solution, then subsequently dipping in a bath containing 
the vaccine (Amend and Fender, 1976; Croy and Amend, 1977; Bowers and 
Alexander, 1981). The hyperosmotic dip seems to increase the 
permeability of the region involved in the portal of entry of the 
antigen; this appears to be the gills. It was soon discovered, 
however, that the osmoregulatory stress imposed by dipping in 
hyperosmotic solutions was extremely deleterious to fish health 
(Giorgetti, Tomasin and Ceschia, 1981), and there is danger of possible 
gill damage (Bowers and Alexander, 1981). An easier technique in which 
fish were simply placed in a bath containing the antigen (the method of 
direct immersion) was used by Gould, Antipa and Amend (1979) and Gould, 
O'Leary, Garrison, Rohovec and Fryer (1978), These authors found no 
significant differences between the protection acquired by simple direct 
immersion in vaccine and that resulting from the hyperosmotic 
infiltration method. 
There have been a number of reports using young fish in which 
success has been claimed employing direct immersion vaccination. With 
juvenile sockeye salmon, direct immersion in a bath containing killed 
Vibrio anguillarum resulted in excellent survival rates on challenge 
with a virulent culture of these bacteria (Croy and Amend, 1977), 
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although no antibody production was detected. Lannan (1978) working on 
chum salmon fry using Vibrio anguillarum as a vaccine and Antipa and 
Amend (1977) vaccinating coho salmon and chinook salmon with Vibrio 
anguillarum or Aeromonas salmonicida detected significantly higher 
titres of antibody to Vibrio anguillarum but not to Aeromonas 
salmonicida. Egidius and Anderson (1979) using a trypsin digested 
Vibrio strain vaccine on rainbow trout in spring obtained a very 
effective prevention of vibriosis, spring being a critical time for the 
young trout fry. More recently protective immunity has been bestowed by 
direct immersion vaccination in young salmonid fish by Johnson, Flynn 
and Amend (1982a & b), Newman and Majnarich (1982), Tatner and Horne 
(1983b) and Ward, Tatner and Horne (1984) using bacterial vaccines, and 
by Wolf and Markiw (1982) using Tetrahymena thermophilia protozoa or 
their sheared cilia (to protect against Ichthyophthiriasis). In the 
work using bacterial vaccines, there were indications that young fry can 
be vaccinated successfully once a critical body weight has been 
reached. Both vaccine uptake (Tatner and Horne, 1983a) and duration of 
immunity (Johnson, Flynn and Amend, 1982b) appear to depend on the size 
of the fish. 
In older fish (carp) immunized by direct immersion, good secondary 
antibody responses were obtained when the challenge was given by the 
same route as the primary immunization, but not when the challenge was 
administered by a different route. This suggests the existence of a 
local immune system in fish (Lamers and de Haas, 1984). 
The exact method by which antigen placed in the water external to 
the fish enters the animal and stimulates the immune system is not 
known. It has been shown by Bowers and Alexander (1981) and Smith 
(1982) that the gills are a major portal of entry, while Tatner and 
78. 
Horne (19ij3a) using a 14c-labelled bacterial vaccine found that the head 
region of rainbow trout was more important than the trunk in vaccine 
uptake from the bath. In these experiments the uptake was greater for 
solubilized antigen of smaller particle size than for whole bacterial 
cell preparations. This is in contrast to the uptake of soluble foreign 
proteins; here Smith (1982) found that attachment of soluble antigens 
to particulate carriers (latex particles) greatly facilitates uptake 
across the gills. These experiments by Smith using rainbow trout fry 
have been repeated on 9 month old carp in our laboratory by E.K. Farley-
Ewens (personal communication) using HGG coated onto latex particles 
(employing an immunofluorescence technique for tracing the antigen). In 
the present study, the possibility that use of a latex particle carrier 
might also influence subsequent antibody production and immunological 
memory in younger carp was investigated. 
The antigens used for the experiments reported in this chapter 
were similar to those for the work reported in Chapter 3 : soluble 
protein antigens (HGG or KLH), HGG carrier-borne on latex particles, and 
formalin-killed Aeromonas salmonicida cells. The dose selected for the 
soluble protein antigen (HGG) was the same as the optimal dose of BSA 
used in the experiments of Anderson and Dixon (1980), i.e. 5 mg dm-3 in 
the antigen bath, while for Aeromonas salmonicida 10 9 formalin-killed 
bacterial cells dm- 3 were employed, following the method of Tatner and 
Horne (1983a & b) who used Vibrio anguillarum cells. The number of 
times that fish are dipped and the period for which they remain in the 
bath vary considerably from one experiment to another. Dipping times 
may be as long as 4 hours (Wolf and Markiw, 1982) or as short as 10 
seconds (Tatner and Horne, 1983a). In the present investigation the 
young carp were dipped for 30 minutes. This allowed them to swim freely 
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in t11e vaccine bath and was possibly less stressful than rapid 
immersion, 
As in the work described in Section I of Chapter 3, fish received 
a primary exposure at 4 weeks old, This was followed by a series of 
subsequent dippings at weekly intervals to maintain the level of 
antigenic exposure. Eventually the fish were challenged with an i.p. 
injection of the antigen in ad)uvant to determine whether priming by 
direct immersion had induced immunity or tolerance in the young fish, 
In one experiment the procedure was started even earlier, and the fish 
received their first immersion in antigen at the age of'one week (stage 
36 of Balinsky, 1948 l. 
MATERIALS AND METHODS 
1-tirror carp, Cyprinus carpio aged one week or 4 weeks post-
hatching were obtained and maintained as outlined in Chapter 2. The 
technique of vaccination by direct immersion is also described in 
Chapter 2, The antigens used were formalin-killed Aeromonas salmonicida 
bacteria, HGG, KLH, and HGG coated onto latex particles, prepared as 
outlined in Chapter 2. Passive haemagglutination was employed for 
antibody titrations against HGG and KLH, and tube agglutination for 
antibodies produced against the bacterial antigen (see Chapter 2), 
The 4 week old carp were divided into three groups F, G and H, 
The protocol is shown in Figure 12 and the numbers of fish in Tables 
14-16, The antigens used were HGG, HGG-coated onto latex particles and 
Aeromonas salmonicida bacteria. 
Group F were immersed once a week for 5 weeks in a bath containing 
the antigen. Control fish were handled in a similar manner but antigen 
was omitted from the bath, The fish were challenged with the antigen 
Fig:12 Protocol for Direct Immersions in antigen. 
(Fish aged 4 weeks or one week at the beginning of the experiments). 
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given i.p. in adjuvant at 10 w·eeks old, then killed and tested for 
antibody production at 15-16 weeks old. 
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Group G. Experimental and control fish were immersed once a week 
for 10 weeks, The challenge was given when they were 15 weeks old and 
their antibodies tested when they were 20-21 weeks old. 
Group H, Fish in this group received similar treatment to the 
fish in Group G but were killed for antibody testing at the age of 28 
weeks (i.e. at 13 weeks after challenge instead of at 5-6 weeks after 
challenge). 
With the direct immersion technique it is possible to commence 
vaccination at a very early age when the larvae are too small to be 
injected, In the present study one group of fish were used at one week 
post-hatching (at stage 36 of Balinsky, 1948): 
Group I, The fish were one week old at the beginning of the 
experiment. The antigens used were HGG and KLH. The fish were directly 
immersed once a week from the age of one week up to the age of 15 
weeks. They received two challenge injections in adjuvant, 12 days 
apart starting 5 weeks after the last direct immersion (when the fish 
were aged 20 weeks), The fish were killed for antibody testing at 29-30 
weeks old. This schedule was designed to be more nearly parallel to 
that used tor Xenopus laevis larvae described in Chapter 7, The 
protocol is shown in Fig. 12 and the numbers of fish in Tables 17 and 
18. 
RESULTS 
The results of immersing 4 week old carp in a bath containing a 
solution of HGG are shown in Table 14, It can be seen that the 
Table 14 
Humoral antibody production in young carp Cyprinus carpio immunized 
with HGG (Human gamma globulin) in soluble form by direct immersion 
-3 (5 mg d.m ) kept at room temperature (20 + 2"C) 
All fish were 4 weeks old when first directly immersed with soluble HGG. 
Group F: The fish received 5 immersions at weekly intervals. They were 
challenged at 10 weeks old with HGG in adjuvant (25 ~g g-1 body 
weight) and antibody titres were assessed at 15-16 weeks old. 
Group G and H: The fish received 10 immersions at weekly intervals 
commencing at 4 weeks old. They were challenged at 15 weeks 
old and tested for antibody production at 20-21 weeks old 
(Group G) or at 28 weeks old (Group H) . 
Anti-HGG passive haemagglutination antibody titre 
Primary Challenge 
treatment injection Grou12 F Group G GrouE 8 
Titre No. of Titre No. of Titre No. of fish fish fish 
Control Saline in 0 (6) 0 (7) N.T. immersions adjuvant 
BGG 11 0,1 ( 14) 0, 1 (16) 0,0 (5) immersions 
11 None 1 (6) 0,1 ( 14) 0,0 (6) 
Control HGG in 6 ,7 ( 16) 8,8,9,10 ( 25) 5 ( 5) immersions adjuvant 
HGG 
" 5,6 (15) 112, 12, 13 (19) 2, 2 ,4 ( 10) immersions 
Each figure represents the -log 2 anti-HGG titre for serum pooled from 
5-9· fish. 
N.T. Not tested 
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procedure had no demonstrable effect. The fish did not produce antibody 
to HGG following the immersion treatment alone (-log 2 passive 
haemagglutination titres of 0 or 1 were recorded). Furthermore the 
immersion treatment did not affect the outcome following challenge. 
When titres for the three groups F, G and H are pooled and the antibody 
levels following challenge are compared for fish receiving prior 
immersion in HGG and for those in the control groups, it can be seen 
that direct immersion in HGG was ineffective; it neither tolerized nor 
immunized the fish (l1ann-Whitney U test P = 0.41). The kinetics of 
antibody production were similarly unaffected. Thus both for 
immersion-vaccinated fish and for their controls, the highest titres 
were recorded for group G, with levels decreasing in the longer term 
experiment (group H). The higher titres recorded in group G compared 
with group F may be due to the group G fish receiving 10 rather than 5 
immersions, but is more likely to be because they were older when 
challenged. 
Table 15 shows the results obtained when the antigen (HGG) was 
coated onto latex particles. The particle-borne HGG (like HGG in 
solution) failed to elicit antibody production when administered by 
direct immersion without challenge. In the challenged fish there was, 
however, some indication that administration of the HGG in particulate 
form by direct immersion had a somewhat suppressive effect on antibody 
production (Table 15 and Fig. 13). POoling the figures for groups F, G 
and H and comparing the fish directly immersed in antigen with their 
controls, the antibody levels following challenge are significantly 
lower (P = 0.01, Mann-Whitney U test). Unlike the results for immersion 
in 3oluble HGG, therefore, in~ersion in the particle-borne antigen may 
reduce the ability of the young fish to produce antibody on challenge. 
! 
Table 15 
Humoral antibody production in young carp cyprinus carpio immunized with HGG 
(Human gamma globulin) on latex particles by direct immersion 
kept at room temperature (20 + 2•c) 
-3 (5 mg d.m ) 
All fish were 4 weeks old when first immersed with HGG on latex particles. 
Group F: The fish received 5 immersions at weekly intervals. They were 
challenged at 10 weeks old with HGG in adjuvant (25 ~g g-1 body 
weight) and antibody titres were assessed at 15-16 weeks old. 
Group G and H: The fish received 10 immersions at weekly intervals. They 
were challenged at 15 weeks old and tested for antibody production 
at 20-21 weeks old (Group G) or at 28 weeks old (Group H). 
Anti-HGG passive haemagglutination antibody titre 
Primary Challenge Group F Group G Group H treatment injection 
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Titre No. of Titre No. of Titre No. of fish fish fish 
Latex particles Saline in 0 (7) 0 (8) N.T. 
only immersions adjuvant 
HGG on latex 
particles " 0,0 (15) 0,0,0 (24) 0, 1 (B) 
immersions 
n None 0 (8) 0,0 (16) 0 ( 3) 
' 
Latex particles HGG in 10 (BJ 9, 10 ( 14) 6,8 (6) 
only immersions adjuvant 
HGG on latex 
particles " 6,7,7 (17) 4,6,7,7 (30) 2,2 (5) 
immersions I I 
Each figure represents the -log 2 anti-HGG titre for serum pooled from 2-B fish. 
N.T. = ~ot tested. 
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This result is not nearly as marked, however, as the tolerogenic effect 
detected when the HGG was administered by injection (Chapter 3). It may 
also be noted, when Table 15 is compared with Table 14, that in group F 
fish (those challenged at 10 weeks old) antibody titres are as high as 
for group G fish (cf. the results for soluble HGG), 
The bacterial antigen, formalin-killed Aeromonas salmonicida cells 
again proved to be more immunogenic than HGG, The results for direct 
immersion in this antigen are shown in Table 16, Unlike the findings 
for Aeromonas salmonicida administered by injection, the primary 
vaccination by direct immersions failed to elicit any antibody 
production on their own. They did, however, prime the young carp to 
give an improved antibody response after challenge compared with fish 
which had received the challenge injection only. These enhanced 
antibody titres were maintained even in the longer term experiment 
(group H), The differences between the primed and non-primed fish are 
highly significant, For the pooled data from groups F, G and H, P = 
0,001, Mann-l~hitney U test). The results from these direct immersion 
experiments are shown in Fig. 13. From Fig, 13 it can be concluded, in 
summary, that direct immersion in the soluble protein antigen HGG had no 
effect on the immunological memory of the young carp, that coating of 
HGG onto latex particles resulted in some suppression of the antibody 
response on challenge while, in contrast, the use of a bacterial antigen 
for direct immersion priming led to enhanced secondary antibody 
responses. 
Group I comprised very young carp for which direct immersion 
vaccination commenced at one week post hatching. HGG and KLH were used 
in soluble form to test for any induction of tolerance, Unfortunately 
in this experiment some fish, including some controls, were lost owing 
: 
i 
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Table 16 
Humoral antibody production in young carp Cyprinus ~ immunized with 
Aeromonas salmonicida vaccine by direct immersion (109 formalin-killed 
-3 
cells dm ) kept at room temperature (20 + 2•c) 
All fish were 4 weeks old when first immersed with A. salmonicida. 
Group F: The fish received 5 immersions at weekly intervals. They were 
challenged at 10 weeks old with A. salmonicida vaccine in adjuvant 
(lOB formalin-killed cells g-1 body weight) and antibody titres were 
assessed at 15-16 weeks old. 
Group G and !1: The fish received 10 immersions at weekly intervals. They were 
challenged at 15 weeks old and tested for antibody production at 
20-21 weeks old (Group G) or at 28 weeks old (Group !I). 
Anti-Aeromonas agglutinating antibody titre 
Primary Challenge Group F Group G Group !I treatment injection 
Titre No. of Titre No. of Titre No. of 
Latex only 
immersions 
Control 
immersions 
A. salmonicida 
imnersions 
" 
Latex only 
immersions 
I Control I 
imnersions I ! 
A. salmonicida 
- immersions j 
Saline in 
adjuvant 
" 
" 
None 
A. salmonicida 
in adjuvant 
" 
0 
0 
0, I 
I ' 0 
N.T. 
5,5,6 
6,8,10 
fish fish fish 
(7) 0 (8) N.T. 
(6) 0 (7) N.T. 
(16) 0, 1 (15) I (4) 
(8) 0, I ( 16) I (5) 
5,6,7 (20) 6,7 (5) 
(14) 7 (8) 6,7 (8) 
(19) ,9,10,10 (22) I i8,10,11,11 (12) 
Each figure represents -log 2 anti-Aeromonas titre for serum pooled from 3-8 fish. 
N.T. ~ Not tested 
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Table 17 
Humoral antibody production in young carp Cyprinus carpio immunized 
with HGG (Human gamma globulin) in soluble form by direct immersion 
-3 (5 mg dm ) kept at room temperature (20 + 2°C) 
All fish were one week old when first immersed in soluble HGG. 
Group I: The fish were immersed for 15 weeks at weekly intervals. The 
challenge injections (25 Mg g-1 body weight) was given in 
adjuvant 5 weeks after the last immersion starting at the age 
of 20 weeks on day 0 and day 12. The antibody titres were 
tested at 29-30 weeks old. 
Anti-HGG passive haemagglutination 
Primary Challenge antibody titre 
treatment injection Group I 
Titre No. of fish 
Untreated Saline in adjuvant 0 (10) 
" HGG in adjuvant 7 (8) 
HGG inmersions " " 8 (12) 
Each figure represents the -log 2 anti-HGG titre for serum pooled from 
8-12 fish. 
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Table 18 
Humoral antibody production in young carp Cyprinus carpio immunized 
with KLH (Keyhole limpet haemocyanin) by direct immersion -3 (5 mg dm ) 
kept at room temperature (20 + 2°C) 
All fish were one week old when first immersed in KLH. 
Group I: The fish were immersed for 15 weeks at weekly intervals. The 
challenge injections (25 ~g g-1 body weight) was given in 
adjuvant 5 weeks after the last immersion starting at the age 
of 20 weeks on day 0 and day 12. The antibody titres were 
tested at 29-30 weeks old. 
Anti-KLH passive haemagglutination 
Primary Challenge antibody titre 
treatment injection Group I 
Titre No. of fish 
Untreated saline in adjuvant 0 (10) 
KLH immersions KLH in adjuvant 10 (12) 
Each figure represents the -log 2 anti-KLH titre for serum pooled from 
10-12 fish. 
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to an aquarium accident. Nevertheless from the results shown in Tables 
17 and 18, it can be seen that, even when commenced from an early age, 
direct immersion in soluble antigen did not lead to tolerance; the 
findings being similar to those for 4-week old fish. 
DISCUSSION 
Direct immersion is a technique which is of considerabie 
theoretical interest in relation to the vaccination of young fish. It 
is a method which results in the presence of antigen in the pharynx 
where it will be in close proximity to the developing thymus. In young 
fish the thymus is very superficially situated and is separated from the 
pharyngeal lumen by only a single layer of epithelial cells (Tatner and 
Manning, 1982). Some thymic lymphocytes are situated in very marginal 
positions and, at least in rainbow trout, the superficial epithelial 
layer contains pores in the young fish (Chilmonczyk, 1984). In the 
present experiments, however, it was found that direct immersion in a 
soluble antigen was ineffective and did not induce tolerance even in 
very young carp. Presumably either the thymocytes remain separated from 
antigen in the pharynx, or else they are not affected by it. It appears 
that very young fish may be refractory to the uptake of antigen during 
direct immersion. In rainbow trout Tatner and Horne (1984) found that 
the fish did not take up bacterial antigen until they had reached a body 
weight of 0.14g. 
The reason for attaching the soluble antigen (HGG) to a 
particulate carrier in the present experiments was to determine whether 
any difference between the response of young fish to HGG and to the 
bacterial antigen was due to a difference between their physical states, 
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soluole versus particulate, or to other factors such as whether or not 
they required T-cell help. Particle-borne HGG was in fact found to be 
partly immunosuppressive while the bacterial antigen had the opposite 
effect and enhanced antibody production following challenge. In view of 
the fact that Smith (1982) and Farley-~Nens (personal communication) 
have shown that foreign proteins are taken up by the immersed fish more 
rapidly when absorbed onto latex particles, the difference between 
particle-borne HGG and soluble HGG in the present experiments could 
perhaps oe due to a better uptake of the former. This, t;:aken together 
with the tolerogenic effects of soluble HGG when this is administered by 
injection (Chapter 3), suggests that the more efficient the delivery 
into the fish, the more likely it is that a soluble thymus dependent 
antigen will induce tolerance in immature carp. 
The finding that positive immunological memory could be elicited 
in carp using a bacterial vaccine commencing at 4 weeks old 
(Aeromonas salmonicida) by direct immersion is consonant with the fact 
that bacterial vaccines can bestow protective immunity to young fish 
when administered in this way. The secondary antibody response was 
manifested by a systemic rather than a local response because the 
challenge was made intra-peritoneally. Whether a different timing of 
the immersion schedule with a challenge given by the same route would 
have revealed the type of local immunity demonstrated by Lamers and 
deHaas (1984) in older carp is not known, The findings of other authors 
indicate that multiple immersions are better than a single dip in 
eliciting protective immunity in young fish. For example, Wolf and 
Markiw (1982) found that up to 3 immersions afforded less protection to 
2 month post-hatch rainbow trout than that found in fish which had 
received 4 or 5 immersions. In the present experiments no antibody 
' 
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production was demoJ:ls,trated ev(;!n .w:i!.th• up· to 10 .i:rnrriefsioris; nevertheless 
pd!ml:ng for enhanc.ed. secondary ant:iibody• ~i'tres ha,d occ\}r:red. for the 
bactet.i:al antigen:. The speci6.!ci'ty of these secondary r.esponses has yet 
to ib_e e~amined, as has: ·the specil:l.ci ty of. the to·l!erance to :lfGG. 
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INT~ODUCTION 
Young fish from several of the groups described in Chapters 3 and 
4 were examined for their proliferative responses to the treatment they 
had received, To this end, they were injected with tritium-labelled 
thymidine 18 hours before killing so that an autoradiographic study 
could be made of their lymphoid tissues, Fish to be examined by 
autoradiography were normally killed before those whose antibody 
responses were to be studied (usually at 3-4 weeks after challenge) 
because previous experience in our laboratory has shown that the peak of 
the proliferative response preceeds that of antibody formation. 
Burnet and Fenner (1949) noted that antigenic stimulation of an 
animal results in an increase in mitotic activity which plays an 
important role in the functional differentiation of immunocompetent 
cells, The first cells to appear and to show a high rate of cell 
division with the incorporation of tritium-labelled thymidine are large 
basophilic blast-like cells (Beney, Vaquez and Dixon, 1962; Movat and 
Fernando, 1965), The cytoplasm of these cells stains pink with pyronin 
(i.e. they are pyroninophilic cells), this response occurs both in cell-
mediated reactions and in humoral immunity, In fish, skin allograft 
rejection occurs in true second-set fashion (Botham, Grace and Manning, 
1980), the accelerated reaction being accompanied by the presence of 
large pyroninophilic cells (Perey, Finstad, Pollara and Good, 1968) 
similar to those found in the draining lymph nodes of mammals (Scothorne 
and McGregor, 1955). Pyroninophilic cells also accompany humoral 
responses, In poikilotherms, the most prominent cell type encountered 
following immunization is the 'intermediate pyroninophilic cell' 
described in carp (Secombes, Manning and Ellis, 1982b), Xenopus laevis 
95. 
(Turner and Manning, 1973), and Bufo marinus (Diener and Nos sal, 1 966; 
Evans, Kent, Bryant and Moyer, 1966), 
Sai lendr i and Hutllukkaruppan ( 1975) noted that, on antigenic 
stimulation, rapidly dividing cells were increased in the spleen and 
pronephros of Tilapia, but not in the thymus, while Secombes and Manning 
(1982) found increased numbers of pyroninophilic cells in the spleen, 
pronephros and opisthonephros of immunized young and adult carp. On the 
other hand, Mitsuhashi, Kurashige, Mishima, Yamagushi and Fukai (1971) 
noted little proliferative activity in the lymphoid organs of rainbow 
trout or Xenopus laevis following antigenic stimulation, although 
antibody production was normal, 
Cells which appear in the spleen and pronephros of fish following 
immunization include, in rainbow trout, rosette forming cells and 
antibody binding cells (Chiller, Hodgins, Chambers and Weiser (1969a) 
and plaque torrning cells (Chiller, Hodgins and Weiser, 1969), The 
bluegill has antibody producing cells (Smith, Potter and Merchant, 
1967). Similarly, antibody synthesizing cells were found in tilapia 
(Sailendri and Muthukkaruppan, 1975), in perch (POntius and Ambrosius, 
1972), in snappers and groupers (Ortiz-Muniz and Sigel, 1968, 1971), in 
goldfish (Warr, DeLuca, Decker, Marchalonis and Ruben, 1977) and in carp 
(Rijkers, Frederix-Walters and Van Muiswinkel, 1980a). Good, Finstad, 
Pollara and Gabrielsen (1966) showed the presence of pyroninophilic 
cells in the horned shark (Heterodontus francisci) but could not detect 
identifiable plasma cells. In higher elasmobranchs plasma cells 
resembling those of mammals are present, On the other hand, teleosts 
have few, if any, plasma cells (Engel, Woods, Paulsen and Pert, 1958). 
It is known from previous work in our laboratory (Botham, 1982) 
that carp injected with HGG in adjuvant (FCA) or with T7 bacteriophage 
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a·t 4 weeks, or even at 2 weeks, post-hatching can give a proliferative 
response to the antigen detected by autoradiography. It is not known, 
however, whether this is a B-cell, T-cell, mixed, or even non-immune 
cell response, and humoral antibody production was not tested. In 8 
week old carp the histological response to HGG in FCA was similar to 
that given by 6 month to one year old fish (Secombes and Manning, 
1982). The carp showed an increase in the number of pyroninophilic 
cells in the lymphoid organs during both primary and secondary immune 
responses as studied by methyl green pyronin staining techniques. The 
present study investigates whether young fish which give primary and 
secundary immune reactivity in their serum antibody responses also show 
proliferative and pyroninophilic activity. in their lymphoid tissues. 
Also, more importantly, it sets out to determine whether fish rendered 
tolerant to HGG show any signs of antigenic stimulation at the cellular 
level in the spleen, or opisthonephros .(kidney). 
MATERIALS AND METHODS 
Most of the carp used in these experiments are those taken from 
groups whose antibody responses are described in Chapters 3 and 4. The 
fish destined tor autoradiographic studies were injected with tritium 
labelled thymidine (Radiochemical Centre, Amersham, Bucks) 18 hours 
before sacrifice at the rate of 1 ~Ci g- 1 body weight as described in 
Chapter 2. After the fish had been killed in MS222, the spleen, 
opisthonephros (kidney), and in some cases the liver (which is a non-
lymphoid organ 1n teleost fish) were dissected out. The organs were 
fixed in Carnoy's fluid for 2 hours, then dehydrated, embedded in wax, 
sectioned at 8-10~ and prepared for autoradiography as described in 
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Chapter 2. They were exposed to the photographic nuclear emulsion 
(Ilford K5) for 4 weeks, then developed, fixed, and stained in methyl 
green pyronin (Chapter 2). Counts of cells with labelled nuclei were 
made under a microscope using a X40 objective. Counts were made on 
randomly selected fields, the field area was measured, and the results 
expressed as labelled nuclei mm- 2 • 
It is not possible using autoradiography to separate the specific 
proliferative response to the antigen which had been administered, from 
non-specific proliferative events due to growth or to environmental 
stimuli such as chance infections. To minimize the effect of the non-
specific responses, the experimental fish were matched with controls 
from the same spawning and of approximately the same size within each 
experimental group, but still some variability must be expected. The 
protocols shown in Fig. 14 (for injected fish) and Fig. 15 (for fish 
directly immersed in antigen) are similar to those in Fig. 7 (Chapter 3) 
and Fig. 12 (Chapter 4) respectively, except in most cases for the time 
after challenge at which the fish were sacrificed. This was 3-4 weeks 
after challenge for most groups but in group C and group H, which were 
longer term studies, the fish were killed 13-14 weeks after challenge. 
In addition, at the start of the investigation an additional pilot 
experiment was set up for autoradiography (Fig. 22). The numbers of 
fish used in the autoradiography experiments are shown in Figs. 22-29. 
The results were analysed statistically using the t-test. The level of 
significance selected was P = 0.05. 
In two groups of fish, group I (the fish directly immersed in 
soluble antigen commencing at one week old) and group E (see Figs. 30 
and 31), cytospin smears were studied in place of the autoradiography 
preparations. Suspensions were made of cells from the spleen and kidney 
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(opisthonephros). Cytospin smears were prepared and stained with methyl 
green pyronin as described in Chapter 2. For group I, an estimate was 
made of the proportion of pyroninophilic cells to total lymphoytes by 
counting the numbers of these cells per microscope field using the X40 
objective. Because cells are not evenly distributed in a cytospin 
smear , all fields across one diameter of the smear were counted and the 
number of pyroninophilic cells in all fields across the diameter 
expressed as a percentage of the total number of lymphocytes in all 
fields across the same diameter. For the fish in group E, a qualitative 
assessment of the level of pyroninophilia was made instead of these 
counts . The slides were randomly shuffled and coded, then scored using 
the following sy1nbols: (-) few pyroninophilic cells present (less than 
5% of the total cells); (+) pyroninophilic cells comprise approximately 
10% of the total cells; (*) pyroninophilic cells comprise about 20% of 
the total cells; (**) smears showing the highest numbers of 
pyroninophilic cells (about 30% or more of the total cells) . 
RESULTS 
Figs. 16-19 illustrate the autoradiography pictures seen in the 
spleen and kidney of fish which were responding strongly to their 
challenge injection. High levels of pyroninophilia were also noted in 
these fish. The pyroninophilia was due mainly to the large to 
intermediate pyroninophilic cell type depicted in the cytospin smear 
illustrated in Fig. 20 and 21. 
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Fig. 16. 
Fig. 17. 
T.S of carp spleen 
Autoradiograph showing the response of the spleen 
to HGG. The fish was injected with HGG in saline 
at the age of 4 and 8 weeks and was then challenged 
with HGG in adjuvant at 14 weeks old and killed at 
17-18 weeks old (Group B). The spleen was sectioned 
at 10 JJ.1D and· stained with methyl green pyronin. 
Silver grains appear as black spots above nuclei 
which have incorporated the label. 
T.S of carp spleen 
Autoradiograph at higher magnification from the spleen 
depicted in Fig. 16. 
10 2 
Fig 16 
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Fig. 18. T.S of.carp kidney (Opisthonephros) 
Autoradiograph showing the response of the kidney 
(opisthonephros) to HGG. The fish was injected with 
HGG in saline at the .age of 4 and 8 weeks and was 
then challenged with HGG in adjuvant at 14 weeks old 
and' killed at 17-18 .weeks, old (Group B) . The kidney 
was sectioned at 10 ~ and stained with methylgreen 
pyronin. Silver grains appear as black spots above 
nuclei which have incorporated the label. 
Fig. 19. T.S. of carp kidney (opisthonephros) 
Autoradiograph at higher magnification from the kidney 
depicted in Fig. 18. 
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Fig, 20. Cytospin smear from.carp kidney (opisthonephros) 
The fish was injected with HGG in saline at the age 
of 4 weeks, followed by two challenge injections (at 
week 9 and week 17-18) of HGG in adjuvant. The 
cytospin smears were prepared when the fish was 
5 -1 21-22. weeks old ( 10 cells smear ) (Group E) • Note 
the pyroninophilic cells (PC),. Stain: Methyl green 
pyronin. 
Fig. 21. eytospin smear from carp kidney (opisthonephros) 
View at higher magnification· of a cytospin smear 
similar to that depicted in Fig. 20,. 
PC, Pyroninophilic ceLl!; 1, lymphocyte;. 
e, erythrocyte. 
10 6 
_Fig 21 
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A, AUTORADIOGRAPHY RESULTS FOR FISH PRIMED BY INJECTION 
(i) Injection of HGG in solution 
Fig. 22 shows the results of a pilot study which was set up to 
discover whether carp which had been rendered tolerant in their antibody 
responses by injection of HGG in saline at 4 weeks old, were also non-
responsive in their proliferative reactions. These fish were injected 
i.p. with HGG in saline when 4 weeks old and were challenged with HGG in 
adjuvant when 9-10 weeks old. They were killed 3-4 weeks after 
challenge, 18 hours after receiving 1 ~Ci g-1 body weight, From Fig, 22 
it can be seen that the fish were giving a proliferative response in the 
spleen and kidney to FCA (the water-in-oil emulsion containing 
mycobacteria) whether this was presented in saline or together with 
HGG, Furthermore, there appears to be an antigen (HGG) generated 
component to the response since high levels of proliferation are seen in 
organs taken- from fish which had been primed with HGG at 4 weeks old 
prior to subsequent challenge with the same antigen in adjuvant 3-4 
weeks later. This is despite the fact that fish primed with HGG at 4 
weeks old are tolerant in their antibody responses. Thus, when counts 
following challenge were compared in fish which had received HGG at 4 
weeks old and those which received saline only at this age, the spleen 
of the experimental animals gave 232 ± 34.5 counts cf. 184 ± 7.0 counts 
for controls, while for the kidney the counts were 459 t 72.8 for 
experimental fish and 160 ± 43.6 for controls (n = 6 for all groups). 
The difference in the kidney is statistically significant (P = 0.01 -
0.001 ), The liver which served as a control tissue in these experiments 
displayed only low levels of proliferation. 
Fig. 23 shows the results of an experiment in which soluble HGG 
was administered by injection. In group A, the schedule is essentially 
Fig.22 
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Gr oup A:- The fish were c hallenged with HGG in adjuvant (adj . ) 
when 9 - 10 weeks old and sacrificed for autoradiography 
when 13-14 weeks old. 
Group A 
Cont.rol 
Sal . in adj. Sal . in adj. HGG in adj. HGG in adj. 
6 6 5 6 6 
Fig 23(b) Group B and C The fish received a second injection o: HGG in 
saline (sal . ) at 9 weeks old and sacrificed :or autoradiogra9hy 
at 17-18 weeks old (Group B) or at 20 weeks o ld (Group C) 
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similar to that of the pilot experiment described above and it shows the 
same result, These fish were responding to FCA alone, slightly more to 
FCA plus HGG when HGG was encountered for the first time in the 
challenge injection, but the greatest response was again shown by the 
group of fish which had been primed with HGG in saline before reeceiving 
FCA plus HGG in the challenge injection; i.e. again fish which had been 
rendered tolerant to HGG in their antibody responses were showing an 
antigen-generated proliferative response at the cellular level; (in the 
spleen the counts were 397 ± 71,8 in the HGG primed fish cf. 218 ± 20.1 
in those primed with saline only; for the kidney the figUres were 
respectively 702 ± 81.2 and 367 ± 75.5 (n = 6 in all groups). 
Group B, the fish which received two primary doses, showed the 
same result. In the spleen the counts were 622 ± 53,6 in the HGG primed 
fish (n = 6) cf. 328 ± 38,9 in those primed with saline only (n = 5); 
for the kidney the figures were respectively 1125 ± 129,3 (n = 6) and 
494 ± 93.4 (n = 5), For groups A and B pooled, the differences are 
statistically significant both for spleen counts (P = 0.01 - 0,001) and 
for counts in the kidney (P = <0,001), 
In group C, where the fish were killed 13-14 weeks after challenge 
the counts were considerably lower than those for fish killed at 3-4 
weeks after challenge. This was not unexpected since previous work from 
our laboratory had shown that the peak of proliferation occurs in about 
the third week of the response, Nevertheless the fish primed with HGG 
and then challenged with HGG in adjuvant were still showing somewhat 
raised autoradiography counts. 
(ii) Injection of HGG coated onto latex particles 
When the antigen (HGG) was coated onto latex particles (Fig, 24) 
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Group A: The fish were challenged with HGG in adjuvant 
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autoradiography when 13-14 weeks old. 
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Fig 24 (b) Grou;>s B and C The fish received a second injection of HGG 
on latex ;>articles at 9 weeks old and sacri=iced for 
autoradiography at 17-18 weeks old (Grou;> B) 
or at 28 weeks old (Group C) . 
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Primed with: - control HGG on Latex only HGG on latex 
latex 
(x2) (x2) (x2 ) 
Challenged with: - sal.in adj . HC~ in adj. HGG in adj. 
no. of =ish 4 10 5 10 
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the results were essentially similar to those obtained when HGG was 
presented in soluble form. Again the fish which had been rendered 
tolerant in their antibody responses were showing an antigen-generated 
proliferative response at the cellular level. In the spleen the counts 
for fish in group A were 362 ± 34.0 (n = 5) for fish primed with HGG on 
latex particles before challenge with HGG in adjuvant, compared with 162 
± 21,4 (n = 5) for fish primed with latex particles alone before 
challenge. For group B, the figures are respectively 514% 44.6 (n = 
10) and 283 ± 64.9 (n = 6). Similarly for the kidney, counts for group 
A were 884 ± 126.4 (n = 5) cf. 246 ± 54.7 (n = 5) and for group B 
78tl ± 65.5 (n = 10) cf. 3J3 ± 36.4 (n = 6) respectively, When groups A 
and B are pooled this difference between antigen primed fish and fish 
given latex particles alone at priming is highly significant (P = 0,001 
for both spleen and kidney), The longer-term experiment (group C) again 
showed a fall in proliferative activity by 13-14 weeks after challenge. 
(iii) Injection of Aeromonas salmonicida vaccine 
Fig. 25 shows the autoradiography counts when Aeromonas 
salmonicida vaccine was used as the antigen, From Chapter 3, it should 
be noted that these fish were able to give positive antibody responses 
both to the primary injection and (with enhanced titres) after 
challenge. For this antigen, the pattern of proliferation is in line 
with the antibody results. Thus both in group A and in group B, fish 
which received priming injections of ~· salmonicida vaccine showed 
higher autoradiography counts than those receiving saline alone (or 
latex particles alone) after challenge with adjuvant only, as well as 
when challenged with adjuvant plus antigen. In the spleen, the counts 
for fish of group A were 260 ± 26,3 (n = 6) for fish primed with 
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Fig. 25 (a) Mean autoradiography counts mm-2 (vertical bar indicates 
standard error) ~n young carp In response to Aeromonas 
salmonicida vacc~ne (A.s. ) ~njected intraperitoneally 
(1o8 formal~n-k~lled cells g -1 body we~ght), kept at room 
temperature (20+20C) ;spleen (dark) k~driey (dotted). 
All fish were 4 weeks old when first injected with 
Aeromonas salmonicida vaccine in saline (sal. ) 
Group A The fish were challenged with A.salmonicida 
vaccine in adjuvant (adj. ) when 9 - 10 weeks old 
and sacrificed for autoradiography when 13-14 
weeks old. 
Group A 
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Primed with:- Control Latex only Sal .only A.s in sal. Sa1.only A.s . in sal. 
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A. salmonicida and challenged with adjuvant alone, compared with control 
values of 43 ± 14.6 (n = 6) for fish primed with saline only and 20 ± 
8,7 (n = 7) for fish primed with latex particles only, For group B 
spleens, the figures are respectively 446 ± 72,0 (n = 5) for antigen 
primed fish cf. 33 ± 23.2 (n = 6) for saline injected controls and 58± 
22 (n = 6) for latex particle injected controls. Similarly for the 
kidney, group A fish showed counts of 365 ± 50 (n = 6) for antigen 
primed fish compared with control values of 98 % 40.2 (n = 6) for fish 
primed with saline only and 64 ± 24,9 (n = 7) for fish primed with latex 
particles only, For group B kidneys the figures are respectively 
680 ± 70.7 (n 5) cf. 83 ± 44.5 (n = 6) for saline injected controls 
and 45 ± 32,1 (n = 6) for controls injected with latex particles. 
When charlenged with ~· salmonicida in adjuvant (instead of with 
adjuvant alone) even higher autoradiography counts were attained, and 
the effect of antigen priming is obvious. Thus in group A, the 
difference between fish primed with ~· salmonicida and their non-antigen 
primed controls is highly significant (P = <0,001 for both spleen and 
kidney), the levels for the spleen being 632 ± 45.8 (n = 6) for antigen-
primed fish, 82 ± 26.9 (n 6) for saline primed fish and kidney the 
figures are 849 ± 51.2 (n 6) for antigen-primed fish, 138 ± 26.9 (n = 
6) for saline-primed fish. In group B fish the counts for antigen-
primed animals are again significantly higher than those for non-antigen 
primed controls (P = <0,001) and a dose effect is also apparent. The 
counts for the spleen were 1063 % 89,3 (n = 6) for antigen primed 
animals cf. 192 ± 32,8 (n = 6) for saline primed fish and 183 ± 25.4 (n 
= 7) for fish primed with latex particles. For the kidney the counts 
were 1090 ± 98,9 (n = 6) for antigen primed fish cf. 280 ± 34.0 (n = 6) 
for the kidneys of saline primed fish and 298.5 ± 24.0 (n = 7) for those 
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primed with latex particles. The counts for fish which received a total 
of 3 doses of A. salmonicida were higher than those which received 2 
doses (two primary injections followed by adjuvant alone) ( P = 0.01 -
0.001, df = 9 for spleen and P = 0.02- 0.01, df = 9 for kidney); as 
well as being higher than those which received only 1 dose (in adjuvant) 
(P = 0.001). A reduced level of proliferation was again seen in the 
longer term experiment (group Cl, although there was still some response 
particularly in those groups which had received the challenge injection 
of A. salmonicida in adjuvant. 
(iv) Responses to challenge 3 months after primary treatment 
Th~s experiment (group D) was set up to investigate the duration 
of memory by postponing the challenge injection until 3 months after 
priming. The results shown in Fig. 26 demonstrate that there is still a 
difference in the autoradiography counts between the antigen primed and 
non-antigen primed groups. The counts for fish injected with HGG in 
solution were not analysed statistically owing to the small numbers in 
the groups. For fish primed with HGG coated onto latex particles, the 
antigen-primed fish showed spleen counts of 373 ± 35.2 (n = 9) cf. 184 ± 
25 ( n = 5 J for their controls ( P = 0 .01 - 0 .001 ) , while the counts for 
the kidney were 597 ± 75.8 (n = 9) and 230 ± 73.7 (n = 5) respectively 
(P = 0.02- 0.01). For fish primed with~· salmonicida spleen counts 
were 818 ± 69.7 (n = 5) cf. 218 ± 30.2 (n = 6) for their controls (P = 
0.001), while the counts for the kidney were 1022 ± 165.6 (n = 5) and 
32H ± 56.6 (n = 6) respectively (P = 0.001). It will be noted that the 
level of proliferation was higher when A. salmonicida was used as the 
antigen than that given in response to HGG. Nevertheless, the HGG 
primed animals also still gave a positive response. 
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Group D received a second injection of the same antigen at 9 weeks old 
and were then challenged 3 months after the second injection when 
22-23 weeks old and sacrificed for autoradiography at 28 weeks old . 
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B. AUTORADIOGRAPHY RESULTS FOR FISH PRIMED BY DIRECT IMMERSION 
(i) Direct immersion in HGG in solution 
Untreated fish produced very few autoradiography counts in either 
spleen or kidney. Some degree of proliferation occurred, as expected, 
in response to the adjuvant in all groups (F, G and H), see Fig. 27. 
From Fig. 27, it is also apparent that fish given 5 weekly immersions 
(group F) or 10 weekly immersions (group G) in HGG prior to challenge 
with HGG in adjuvant showed no significant difference in the level of 
counts from their respective controls which received the same number of 
control immersions prior to challenge with HGG in adjuvant. For groups 
F and G pooled, P = <0.2, df = 22 for both the spleen and the kidney. 
This is consonant with the results reported in Chapter 4, that immersion 
in HGG was ineffective; it induced neither tolerance nor positive 
immunity. In the longer term experiment (group H) studied 14 weeks 
after challenge, the counts had fallen almost to background level. 
(ii) Direct immersion in HGG coated onto latex particles 
From Fig. 28 it can be seen that fish which received 5 immersions 
(group F) or 10 immersions (group G) in HGG coated onto latex particles, 
but received no challenge, showed autoradiography counts both in the 
spleen (77 ± 18.8, n = 10) and the kidney (118 ± 20.8, n 10) which 
were higher than those in untreated controls (spleen, 11 ± 3.2, n = 11 
and kidney, 16 ± 3.4, n = 11). Similarly that group of fish which 
received 5 or 10 immersions with HGG coated onto latex particles, but 
adjuvant alone as a challenge, showed higher counts both in the spleen 
(87 ± 18.2, n = 15) and in the kidney (199 ± 27.4, n = 15) when compared 
with the controls which received uncoated latex particles in the bath 
and adjuvant alone as a challenge (spleen, 15 ± 5.2 and kidney, 110 ± 
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17.1, n = 12). 
The fish in groups F and G which were primed with HGG coated onto 
latex particles and then challenged with HGG in adjuvant showed an 
interesting difference from similar groups reported in section (i) above 
which had been primed by immersion in HGG in soluble form. Thus 
immersion in latex particle-borne HGG, unlike immersion in HGG in 
solution, increased the autoradiography counts in spleen and kidney well 
above those for the respective control fish which had been immersed in 
uncoated latex particles. For the antigen-immersed fish the counts were 
450 ± 31.5 (n = 21) for the spleen and 923 ± 71.9 (n = 21) for the 
kidney cf. control counts of spleen 249 ± 31,8 (n = 11) and kidney 344 ± 
38. 6 ( n = 11 ) ; (P <0,001, df = 31), These findings are consonant 
with the results for humoral antibody described in Chapter 4 in so far 
that direct immersion in soluble HGG had no effect, whereas immersion in 
particle-borne HGG influenced memory on challenge, albeit in a negative 
direction (partial suppression), Direct immersion in particle-borne HGG 
therefore seems to bear some similarity to injection of HGG in its 
effects both in lowering antibody production and in enhancing cellular 
proliferation. 
The longer-term experiment (group H) showed the expected fall in 
autoradiography counts by weeks 13-14 after challenge. 
(iii) Direct immersion in Aeromonas salmonicida vaccine 
The results for direct immersion in A. salmonicida vaccine are 
displayed in Fig. 29, An antigen-associated component of the enhanced 
proliferation on challenge is again apparent. The counts for fish which 
received 5 (group F) or 10 (group G) immersions in a bath containing 
A. salmonicida vaccine followed by challenge with A. salmonicida in 
_.., 
Fig 29 (a) Mean aucoradiograohv counts mm ' (vertical bar indicates 
standard error) in vounq carp immunized with Aeromonas 
salmonicida vaccine (A.s ) bv direct i mmersions (DI ) 
Io9 formalin killed cells dm-3 ) keot at room temperature 
(20 + 2°C) Spleen (dark) Kidney (dotted) . 
All fish were 4 weeks old when first immersed 1<1ith 
A.salmonicida vaccine . 
Grouo F The fish received five direct immersions at 
weekly intervals . They were challenged at 10 weeks old 
with A.sal~nicida in adjuvant (adj . ) (108 formalin- killed 
cells g-1 body weight ) and were sacri=iced for auto-
radiography at 13- 14 weeks old . 
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adjuvant were 303 ± 31.6 (n = 11) for the spleen and 423 ± 36.6 (n 11) 
for the kidney cf. 136 ± 26.5 (n = 12) and 209 ± 29.8 (n 12·) 
respectively for the control immersion animals ( P = < 0 .001, df = 21 ) .• 
The proliferation resulting from immersion in the bacterial vaccine was 
noticeably less than that following, injection of A. salmonicida (Fig. 
25).. It was also less than that obtained when particle-borne HGG was 
used for immunization by direct immersion. 
C. ESTIMATES OF PYRONINO PHILIC CELLS 
(i) Fish directly immersed in soluble antigens from the age of one week 
Counts of pyroninophi lie cells in fish of group I are shown in 
Fig. 30. These fish received· multiple direct immersions in either HGG 
or KLH in soluble form commencing. at one week old. !"or both antigens, 
the counts of pyroninophilic cells following the challenge dose of 
antigen in adjuvant were higher than that to adjuvant alone ( P = 
<0 .001). Unfortunateiy some important groups in this series were lost 
owing to an aquarium accident. Nevertheless it would appear that 
priming by weekly immersions in antigen did not prevent the fish from 
.showing a pyroninophilic response to the antigen following challenge, 
even when the treatment commenced as early as one week old, i.e. as for 
the antibody response described in Chapter 4, .the experiment yields no 
evidence of any tolerogenic effect resulting from early immersion in 
antigen. 
( ii) Pyroninophil!ia in fish injected with soluble or particle-borne HGG 
(group E) 
The fish described in this sec.tion were showing, reduced levels of 
Fig.JO ~ean percentage of 9yr oninop.hilic cells (vertic al bar indicates 
standard error) in cvt osoin smears from younq carp immunized 
with HGG (Human aamma globuli n) or KLH (Keyhole Lim9et 
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temperature (20 ~ 2°C) Spleen (dar k) Kidney (dotted) 
All fish were one week old when firs t immersed with antigen. 
Gr oup I The f ish receiv ed fifteen immersions at weekly intervals. 
They were challenged at 20 weeks old o n day 0 and day 12 with HGG 
or KLH in adjuvant (adj .) (25 ~a g-l body weiaht) and were 
sacrificed for cytospin pre9arations at 25 weeks old. 
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humoral antibody production as a result of HGG injection, either in 
saline or particle-borne, at the age of 4 weeks (see Chapter 3). From 
Fig. 31, it can be seen that they were, nevertheless, showing 
pyroninophilia in response to the challenge injection. Thus the 
estimate of pyroninophilia in both spleen and kidney is at least as 
high, and possibly slightly higher, in fish pre-injected with HGG (in 
saline or particle-borne) before receiving the double challenge of HGG 
in adjuvant, than for those fish which received the same challenge 
without prior HGG priming. The findings for pyroninophilia therefore 
seem similar to the results in the groups studied by autoradiography; 
the fish were still reacting at the cellular level. 
DISCUSSION 
The use of tritium-labelled thymidine in this study has 
demonstrated a proliferative reaction in the spleen and kidney in 
response to all three types of antigen used. An antigen-related 
positive memory component could also be identified since priming with 
antigen prior to challenge yielded higher counts than for fish not so 
primed and, at least in most cases, this enhancement was greater than 
could be accounted for by any additive effects. The antigen specificity 
of the heightened reaction has yet to be demonstrated, however. It is 
interesting that the enhancement of proliferation following priming was 
obtained for all three forms of antigen used and was not related to 
their thymic dependency. It occurred despite the fact that HGG priming 
of young fish had the opposite effect on antibody production, where 
early exposure to the antigen appeared to induce tolerance in the 
humoral immune response. 
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In the case of fish directly immersed in HGG in soluble form, both 
the autoradiography and the results of the antibody studies point to the 
same direction. Both suggest that the procedure had been ineffective 
and had no influence on subsequent immunological memory, In this 
respect HGG in solution differs from HGG on latex particles. For the 
latter form of presentation, direct immersion enhanced proliferation 
while at the same time partially suppressing antibody production. The 
physical state of the antigen, particulate or soluble, therefore appears 
to be more influential than its thymic dependency in determining whether 
young fish can be immunized by the direct immersion route. This is 
probably due to differences in the uptake of soluble HGG and of 
particle-borne HGG (see Smith, 1982). Even for bacterial antigens very 
young fish (rainbow trout) may be refractory to uptake of the antigen 
from immersion baths (Tatner and Horne, 1984). In the present 
investigation, however, the experiments with particulate antigens 
(particle-borne HGG or A. salmonicida vaccine) did not commence until 
the carp were 4 weeks old. Experiments on immersion in particulate 
antigens have not yet been done on younger carp. 
The method of tritium labelled thymidine autoradiography does not 
reveal the nature of the proliferating cells. A possible explanation of 
the results is that administration of the thymus dependent antigen, HGG, 
induced tolerance in the B cell and/or T helper cell populations when 
administered to 4 week old carp while, at the same time, positively 
sensitizing the cells concerned with cell-mediated immunity, the latter 
perhaps oeing the cells which responded by proliferation. 
It is known that both specific and non-specific cell mediated 
responses develop early in fish. Young carp at 2 weeks old can 
phagocytose carbon as actively as adult fish (Botham, 1982), Similarly 
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in 4-day post-hatch rainbow trout, even with the immaturity of their 
lymphoid organs, carbon is trapped as effectively as in the addult in 
the kidney, although the spleen is absent at that age (Grace, Botham and 
Manning, 1981). Experiments on T-cell responses of young carp, 
monitored by studying the reactions to skin allogra fts, reveal that 
young fish can reject the grafts, although more slowly than adult fish. 
Carp fry of 16 days post-hatch were able to mount a graft rejection 
(Botham, Grace and Manning, 1980; Botham and Manning, 1981) and also 
possess the memory component in the response by rejecting more rapidly a 
second set graft from the same donor. In rainbow trout, skin allograft 
reactivity is related to the maturity of the thymus, the presence of 
small lymphocytes in the peripheral blood, and lymphocytic 
differentiation of the kidney, which is evident as early as 12 days 
post-hatching (Grace, 1981). From the experiments of Secombes (1981) on 
young rainbow trout, it appears that part of the proliferative and 
pyroninophilic response to HGG in adjuvant is due to T-cells since trout 
thymectomized on day 14 post-hatching and injected with HGG in adjuvant 
at 8 weeks old showed some response to the antigen as measured by 
tritium-labelled autoradiography but at a level lower than that of their 
sham operated controls (see Manning, Grace and Secombes, 1982b). 
Nevertheless, the possibility remains that the proliferation 
revealed by autoradiography may be partly a B-cell response which, in 
the case of the antibody tolerant animals did not proceed to antibody 
secretion, or it may have been due to some non-immune component. In the 
case of the HGG treated fish, it is even conceivable that one could be 
observing the generation of suppressor cells responsible for the 
antibody tolerance. The existence of suppressor cells was suggested in 
adult rainbow trout from thymectomy operations (Secombes, 1981; 
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Manning, Grace and Secombes, 1982a) and in adult carp from studies on 
cold-induced tolerance (Serero and Avtalion, 1978; Avtalion, Wishkovsky 
and Katz, 1980; Wishkovsky and Avtalion, 1982). The work of Avtalion 
et al. suggests that cold-induced antibody tolerance results from 
modification of the immunoregulatory balance between helper cells and 
suppressor cells such that the suppressive mechanisms predominate. 
The fact that antibody levels did not correlate well with other 
manifestations of immune reactivity is consistent with the finding that 
good protective i~nunity can occur in fish in the absence of antibody 
production (Klontz and Anderson, 1970). The converse is also true; 
i.e. the occurrence of high antibody levels does not always signify 
protection (Michel, 1979). Using the hyperosmotic infiltration method 
of immunization Croy and Amend (1977) found no antibody production in 
Oncorhynchus nerka immunized with Aeromonas.salmonicida vaccine, 
nevertheless the priming led to elevated secondary levels of antibody 
after challenge. 
The present finding of proliferative responses in fish which are 
tolerant at the level of antibody production provides a reminder that 
better tests are required to monitor the cell-mediated component of the 
immune response, especially since it is not known whether protective 
immunity (and hence the success of vaccination) correlates best with 
cell-mediated, non-immune, or humoral antibody responses. In fish 
(Timur, 1975), urodeles (Tahan and Jurd, 1983), reptiles (Jayaraman and 
Muthukkaruppan, 1977) and mammals (Falk, Collste and Moller, 1969; 
Al-Askeri and Lawrence, 1972, 1973; Kuramochi, 1974) the MIF test for 
macrophage migration inhibition factors correlates well with cell 
mediated immunity but these factors have yet to be demonstrated in young 
fish (Manning, Grace and Secombes, 1982a). 
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INTRODUCTION 
The thick-lipped grey mullet, Chelon labrosus is the most common 
of the British grey mullet species, It is a marine fish which during 
the summer moves from the sea to venture into river estuaries and creeks 
where it can be found in shoals locally; for example, in shallow waters 
near St. John, Cornwall, Juvenile fish caught in the autumn in such 
locations (Fig, 32) are probably about 6-7 months old (Bagenal, 1973; 
Graham, 1981), There is one spawning place near the Isles of Scilly, 
but no others have been found, The thick-lipped grey mullet reaches 
about 9 cm in length at 2 years of age and 30 cm when 6 years old 
(Bagenal, 1973). Interest has been shown in these fish in relation to 
potential mullet farming in Britain, 
The grey mullet was selected as a species for study in the present 
investigation partly to extend the range of juvenile fish included in 
studies on the development of the immune system, and partly to provide 
background information in relation to the parasitological research on 
this species currently in progress in the Parasitology Laboratory at 
Plymouth Polytechnic (R,A, Matthews and J.A. Ralphs), Little is known 
about the lymphoid system and immune reactivity of the grey mullet. The 
present chapter will therefore describe the lymphoid organs and the 
ability to produce antibody against soluble antigens in juvenile fish, 
Previous studies on the immune system of young teleosts include 
those on the carp, Cyprinus carpio (Secombes, 1981; van Loon, van 
Oosterom and van Muiswinkel, 1981; Botham, 1982), the rosy barb, Barbus 
conchonius (Rijkers and van Huiswinkel, 1977), the rainbow trout, Salmo 
gairdneri (Grace, 1981), the salmon, Salmo salar (Ellis, 1977), the 
tilapia, Sarotherodon mossambicus (Sailendri, 1973), and the viviparous 
blenny, Zoarces viviparous (Bly, 1984). These studies suggest that the 
Fig. 32. Yourig mullet (Chelon labrosus) 
Thick lipped grey mullet, Juvenile at the age used 
for experiments (about 6-7 months old) 
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lymphoid organs mature quite rapidly in young fish and that full 
maturation of humoral antibody responses is achieved during the first 
year of life (between 2-10 months old in carp; see ~~nning, Grace and 
Secombes (1982a), 
MATERIALS AND METHODS 
Animals 
Young grey mullet weighing approximately 0,5g and believed to be 
about 6-7 months old, and older mullet weighing about 25g (probably 2-3 
years old) were captured by netting from a creek near St. John, Cornwall 
and maintained in the laboratory as described in Chapter 2. The fish 
were caught in the autumn of 1981 and 1982. 
Antigens, antigen administration, and antibody titrations 
The soluble antigens HGG, OVA and ~H were administered either 
intraperitoneally or orally, Details of antigen preparation, doses, and 
methods of administration are given in Chapter 2. Chapter 2 also 
describes the methods for serum collection and antibody titrations. The 
technique of passive haemagglutination was employed to test for serum 
antibody levels using as the serum diluent 1% normal mullet serum which 
had been heat-inactivated at 56'C and absorbed with SRBC. 
Experimental design 
After capture 10 fish were fixed in Carnoy's fluid and 10 in 
Bouin's fixative for wax embedding, serial sectioning and examination of 
their lymphoid organs following methyl-green pyronin or haematoxylin and 
eosin staining. The remaining fish were kept for a few weeks in the 
ocr 
FISHING 
Fig:JJ Protocol for Immunization by injection. 
(Mullet 6-7 month old at the beginning of the experiments). 
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laboratory to acclimatize, then immunized according to the protocol 
shown in Fig. 33. The primary treatment consisted of oral 
administration of antigen in saline or injection of antigen 
intraperitoneally either in saline or in adjuvant (FCA), Control fish 
received saline only or were left untreated, Four weeks after the 
primary treatment a challenge dose of antigen (or saline control) was 
injected intraperitoneally in adjuvant, The fish were killed and tested 
for serum antibody levels 7-8 weeks after challenge. The numbers of 
fish used are shown in Tables 19, 20 and 21. 
Adult mullet of approximately 25g body weight were used for 
comparison of the primary antibody responses in juvenile and older 
fish. These adults were injected intraperitoneally with antigen in 
adjuvant using HGG, OVA or KLH (see Fig. 38 for the numbers of adult 
fish used), 
RESULTS 
A. THE LYMPHOID ORGANS OF YOUNG MULLET 
An examination by light microscopy of the lymphoid organs of 6-7 
month old grey mullet showed that the thymus was large and well 
developed. It contained many small lymphocytes and was divided into a 
distinct cortex and medulla (Fig. 34), This distinction was much more 
marked than that found in carp or rainbow trout, The spleen was also 
well developed showing conspicuous ellipsoids some of which were 
surrounded by small lymphoid areas of white pulp (Fig. 35). The 
pronephric part of the kidney was very large with a considerable 
quantity of haemopoietic and lymphoid tissue present between the tubules 
(Fig. 36), The opisthonephros (kidney) also contained lymphoid tissue 
(Fig, 37), 
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Fig. 35. 
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T .• S of. mullet thymus 
Section through mullet thymus (about 6-7 months 
old) showing distinct cortex (.c) and medulla (m) . 
Sectioned 10 ~- Stained haematoxylin and eosin. 
T.S of mullet spleen 
Section through muliet spleen (about 6-7 months 
old) showing well .developed ellipsoids (e) • Gut 
to top left of photograph (G) • 
Sectioned 10 -~. Stained haematoxylin and eosin. 
• 
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Fig. 36. 
Fig. 37. 
T.S of mullet pronephros 
Section through mullet pronephros (about 6-7 months 
old) showing pronephric tubules (n.t) and 
haemopoietic tissue (H) • 
Sectioned 10 ~· Stained haematoxylin and eosin. 
T.S of mullet kidney (opisthonephros) 
section through mullet opisthonephros (about 6-7 
months old) showing a few areas of haemopoietic 
tissue (H). 
Sectioned 10 ~· Stained methyl green pyronin. 
145 
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B. ANTIBODY PROOOCTION IN AOOLT MULLET 
From Fig. 38 it can be seen that when HGG in adjuvant was injected 
into the adult mullet, the fish produced quite high levels of anti-HGG 
antibody when tested 6-8 weeks after injection (-log 2 passive 
haemagglutination titres of 12.6 ± s.E. 1 .18). Similarly when injected 
with KLH in adjuvant they produced high titres of anti-KLH antibody 
(-log 2 titres of 16.8 ± s.E. 1 .24). On the other hand, like carp, 
adult mullet did not produce any antibody against OVA when injected with 
OVA in adjuvant and tested 6-8 weeKs later. They did not even produce 
any antibody when given a booster injection 8 weeks after the first 
injection. 
C. ANTIBODY PRODUCTION IN YOUNG MULLET 
(i) Responses to HGG 
The responses of juvenile grey mullet to HGG are shown in Table 19 
and Fig. 39. Young fish which received HGG in saline intraperitoneally 
or orally and which were injected with saline in adjuvant at the time of 
challenge failed to produce any anti-HGG antibody. Also those mullet 
which received either saline only, or an unrelated antigen (OVA or KLH), 
or no treatment, at the time of priming and were then challenged with 
HGG in adjuvant produced either no anti-HGG antibody, or only low 
titres. This latter result indicates that the juvenile fish were less 
efficient than older animals in their humoral antibody responses, since 
the adult mullet were capable of yielding good antibody titres to a 
single injection of HGG in adjuvant. 
In contrast, those fish which were primed with HGG in saline, by 
injection or orally, and then challenged with HGG in adjuvant injected 4 
weeks later gave good anti-HGG titres when tested 7-8 weeks after 
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Table 19 
Humoral antibody production in young grey mullet Chelon labrosus to HGG 
(Human gamma globulin) delivered intraperitoneally (i.p.) or orally 
-1 (25 Mg g body weight) kept at room temperature (20 + 2"C) 
All fish were 6-7 month old when first treated with HGG. 
The fish received a challenge injection (i.p. in adjuvant) 4 weeks after 
the primary treatment and were tested for antibody levels 7-8 weeks after 
challenge. 
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Anti-HGG passive haemagglutination 
Primary Challenge antibody titre 
treatment injection 
Titre No. of fish 
Controls: untreated Saline in 
saline i.p. or oral, 
adjuvant 0,0,0,0,0,0 (55) 
saline in adjuvant 
i.p. 0,0 (15) 
BGG in saline " 
oral 0,0 ( 18) 
unrelated antigens i.p. HGG in 0,0 (17) (CNA or KLII) 
adjuvant in saline oral 0,0 (22) 
untreated or i.p. 
" 
0,0,0 (33) 
saline cinly oral 0,5 (23) 
i.p. 6, 10 (22) 
HGG in saline " 
oral 5,9 (22) 
Saline in adjuvant i.p. " 5 (15) I 
HGG in adjuvant i.p. " 8,10,10,15 (41) I 
! 
Each figure represents the -log 2 anti-HGG titre for serum pooled from 7-15 fish. 
l?i'J. 39 llumoral antibocty nro•luction in younq orey mullet Chelon labrosus to ar.n (l:h.IJTlan craMilla olobulin) 
delivered intraneritoneallv (ip) or orallv (2')ua g-l body weirrht) kept at room temperature (?.0+2°C) 
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challenge. These findings show that priming of the juvenile fish 
produced no tolerogenic or suppressive response. On the contrary, the 
primary exposure to HGG, whether this was made by injection or by mouth, 
had a beneficial effect on subsequent antibody production, enabling the 
young·fish to yield good positive antibody responses on challenge (P = 
0.01 - 0.001, Mann-Whitney U-test, between the HGG-primed and unprimed 
groups). The use of adjuvant together with HGG in the primary injection 
appears from Fig. 39 to produce higher antibody titres following 
challenge (10.7 t 1 .3) than are found for fish primed with HGG in saline 
(rather than in adjuvant) (7.5 ± 1.0); this difference is not 
significant however (P = 0.1, Mann-Whitney U-test). 
(ii) Responses to KLH 
It can be seen from Table 20 that when the set of experiments done 
using HGG as the antigen were repeated using KLH, the results were 
similar to those using HGG (Fig. 40). Again, the mullet did not produce 
any antibody when primed with KLH in saline intraperitoneally or orally, 
and given saline in adjuvant at the time of challenge. Similarly those 
mullet which received saline only, or an unrelated antigen (HGG), or no 
treatment, at the time of priming, followed by challenge with KLH in 
adjuvant, for the most part remained unresponsive or produced only low 
anti-KLH antibody titres (1 .5 ± 1 .3). Those mullet which received KLH 
in saline, intraperitoneally or orally, or KLH in adjuvant prior to 
challenge with KLH in adjuvant, on the other hand, produced 
significantly higher titres (9.5 t 0.25) (P = 0.014, Mann-Whitney 
u-test). 
(iiil Responses to OVA 
OVA proved to be a poor antigen in the mullet (as it was in the 
\ 
Table 20 
Humoral antibody production in young grey mullet Chelon labrosus to KLB 
(Keyhole limpet haemocyanin) delivered intraperitoneally (i.p.) or 
-1 
orally (25 ~g g body weight), kept at room temperature (20 + 2"Cl 
All fish were 6-7 months old when first treated with KLB. 
The fish received ~hallenge injection (i.p. in adjuvant) 4 weeks after 
the primary treatment and were tested for antibody levels 7-8 weeks 
after challenge. 
Anti-KLB passive haemagglutination 
Primary Challenge antibody titre 
treatment injection 
Titre No. of fish 
Controls• untreated, 
saline i.p., Saline in 0,0,0,0 (34) 
oral or in adjuvant 
adjuvant 
i.p. 0 (10) 
KLB in saline " 
oral 0 (8) 
unrelated antigen i.p. KLB in I 
0 (10) 
(HGG) in saline 
oral adjuvant 0 (8) 
untreated or i.p. 0 ( 10) 
" saline only 
oral 6 ( 12) 
i.p. 9 (12) 
KLB in saline " 
oral 10 (10) 
Saline in adjuvant i.p. " I 0 (12) 
I 
I 
KLB in adjuvant i.p. " i 9' 10 ( 18) 
Each figure represents the -log 2 anti-KLB titre for serum pooled from 
8-12 fish. 
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Table 21 
Humoral antibody production in young grey mullet Chelon labrosus 
to OVA (ovalbumin) delivered intraperitoneally (i.p.) or orally 
-1 (25 ~g g body weight) kept at room temperature (20 + 2°C) 
All fish were 6-7 months old when first treated with OVA. 
The fish received challenge injection (i.p. in adjuvant) 4 weeks after 
the primary treatment and were tested for antibody levels 7-8 weeks 
after challenge. 
Anti-OVA passive haemagglutination 
Primary Challenge antibody titre 
treatment injection 
Titre No. of fish 
i.p. Saline in 0 (8) Saline only 
adjuvant 
oral 0 (9) 
i.p. OVA in 0 ( 7) Saline only 
adjuvant 
oral o· ( 10) 
i.p. 0 (8) 
unrelated antigen 
" (BGG) in saline 
oral 0 (10) 
i.p. 0 (9) 
OVA in saline " 
oral 0 (10) 
OVA in adjuvant i.p. " 1 ( 10) 
Each figure represents the -log 2 anti-OVA titre for serum pooled from 
7-10 fish. 
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carp). Little or no antibody was produced even in fish receiving two 
injections of the antigen in adjuvant (Table 21), 
DISCUSSION 
The young mullet used in these experiments possessed well 
differentiated lymphoid organs. The thymus shows distinct 
differentiation with a pale-staining, median, medullary zone which is 
partly surrounded by an outer, darker staining, more lateral, cortex, 
The distinction between the cortex and medulla is considerably more 
marked in the grey mullet than in many teleost fish. A similar finding 
was recently reported by Bly (1984) for the viviparous blenny, Zoarces 
viviparous, while others have found distinct zones in the thymus of the 
tilapia, Sarotherodon mossambicus (Sailendri and Muthukkaruppan, 1975), 
Fange (cited by McCumber, Sigel, Trauger and Cuchens, 1982), from a 
study of fifteen different species of teleosts, concluded that the 
thymic tissue seems less differentiated into cortex and medulla than in 
mammals, while in rainbow trout, where a clear histological distinction 
is lacking, Chilmonczyk (1984) noted a proliferation of the epithelial 
network which suggests the lymphoid tissue, with the result that there 
is no obvious difference between the inner and outer zones, It appears, 
therefore, that teleost fish vary considerably in the extent to which 
their thymus is divided into cortex and medulla. 
Despite the apparent maturity of their lymphoid tissues, the 6-7 
month old mullet still showed a less efficient immune system dhan that 
of adult mullet in their antibody responses. This is in contrast to the 
findings of Secombes and Manning (1982) using carp, where 8 week old 
fish were able to produce serum antibody titres to HGG of similar 
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magnitude to the response seen in older carp. The juvenile mullet, 
unlike carp of younger age (9-10 weeks) but similar body weight, were 
usually unable to respond to a single injection of HGG in adjuvant (see 
Chapter 3, Table 10, for carp). The juvenile mullet may, of course, 
have had a slower rate of development during their first few months of 
life when compared ~ith the carp since they were living in colder waters 
in the wild. 
The fact that a preliminary exposure to antigen could prime the 
young mullet to produce antibody when challenged is of interest, 
especially since oral administration was equally effective as injection 
of antigen (in saline) in improving the antibody response. As noted in 
Chapter 3, oral administration of antigen is a useful method of 
vaccination. Under some circumstances, this route can be tolerogenic in 
young mammals (Silvermann, Peri and Rothberg, 1982), but apparently it 
is not so in young fish (carp, Chapter 3 or mullet, this Chapter). 
OVA proved to be a poor immunogen in the mullet as it was in carp 
(Chapter 3), while KLH and HGG could elicit good antibody production in 
both species. Previous workers have also found foreign albumins to be 
only weak antigens in fish (Hodgin, Weiser and Ridgeway, 1967; Anderson 
and Dixon, 1980; Grace, 1981), while both KLH (Hodgin, Weiser and 
Ridgeway, 1967; Ingram and Alexander, 1981) and HGG (Secombes, 1981; 
Secombes, Manning and _Ellis, 1982bl are strongly immunogenic. 
Although thymus-dependent antigens were not tolerogenic in the 
juvenile mullet at the age tested, the young fish showed some 
deficiency, in comparison to the adult, in antibody production against 
them. Whether this has any bearing on the fishes' defence mechanism 
against pathogens is yet to be determined. Cell-mediated responses were 
not investigated in these fish in the present study. 
Ct!API'ER 7 
Title 
Secondary antibody responses in the amphibian, Xenopus laevis, 
following larval administration of HGG, 
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INTROOOCTION 
Second set immunity and tolerance to transplantation antigens have 
been studied by a number of authors in amphibians (see, for example, 
Triplett, 1962; 03.vison, 1966; Volpe, 1971; Clark and Newth, 1972; 
Horton, Horton and Rimmer, 1977; Manning and Botham, 1980; Botham and 
Manning, 1980; Du Pasquier, 1982; Di Marzo and Cohen, 1982; Kaye, 
Scherrner and Tompkins, 1983), and in fish (Mori, 1931; Hildemann and 
Haas, 1962; Sailendri, 1973; Botham, Grace and Manning, 1980). In 
contrast, there have been comparatively few studies on tolerance to 
other types of antigen during the development of these animals. For 
example there is relatively little work on antibody tolerance to foreign 
materials (see previous chapters for experiments on fish). In 
amphibians, high zone tolerance in antibody production induced by large 
doses of soluble antigen has been demonstrated in adult marine toads, 
Bufo marinus, using BSA as the antigen (Marchalonis and Germain, 1980) 
and in larval and post-metamorphic clawed toads, Xenopus laevis, using 
HGG (Manning and Al Johari, 19~4). 
In Xenopus laevis, there is evidence that larvae can respond to 
skin grafts (Horton, 19b9) and to foreign erythrocytes (SRBC) (Kidder, 
Ruben and Stevens, 1973) as soon as histogenesis of their lymphoid 
.organs is complete (stage 49 to 53 of Nieuwkoop and Faber, 1967). The 
development of carrier dependent specific helper function also develops 
early, probably in conjunction with the ability to respond to the 
carrier (foreign erythrocyte) itself (Ruben, Welch and Jones, 1980). 
The role of the thymus in the sequential maturation of immune 
capabilities in~· laevis has been studied by Horton and Sherif (1977) 
and by Manning and Collie (1977). There is ample evidence that anuran 
larvae can exhibit both IgM and LMW (low molecular weight) 
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immunoglobulin, although in larvae IgM is predominant and the LMW 
immunoglobulin is of low affinity (reviewed by Du Pasquier, 1973, 1976, 
1982). Du Pasquier (1982) has suggested that the change from larval to 
adult capabilities in the immune system of ~· laevis may be related to a 
lack of optimal T-cell/B-cell collaboration in the larval stages and 
that this may be due to some extent to the late appearance of MHC (major 
histocompatibility complex) antigens on lymphocytes, 
The experiments described in the present chapter add further 
information on memory induction during the larval stages of development 
in X. laevis, The investigation was carried out along lines broadly 
similar to those described for carp in Chapters 3 and 4, although fewer 
antigens were used and far fewer protocols were employed in the 
experiments on Xenopus than in the experiments on fish. Also, high 
doses of antigen were tested in one experiment in order to investigate 
high zone tolerance. The picture of antigen trapping in the spleen 
studied by immunofluorescence, as described by Horton and Manning 
( 1974), was examined, together with the effects of the antigen 
administration on serum antibody production. 
MATERIALS AND METHODS 
Animals 
The animals used in these experiments were G-line x. laevis bred 
in the laboratory from stock kindly donated by Dr Ch, Katagiri of 
Hokkaido University, Japan. Mating was induced ny injecting adult 
females with 400 i,u, (international units) and adult males with 100 
i,u, of chorionic gonadotrophin (Chorulon, Intervet, Cambridge) via the 
dorsal lymph sac. The pair were then placed in a tank containing 
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standing tap water and pieces of nylon gauze. On the following day, 
gauze with eggs attached was removed and placed in standing tap water. 
After one or two days, the hatched larvae were transferred to another 
tank of standing water using a wide mouth glass pipette. 
Tadpoles and young toads were kept in plastic tanks measuring 
approximately 35 x 23 x 19 cm at room temperature (20 ± 2"C). The 
tadpoles were fed on a suspension of nettle powder (Xenopus Limited, Red 
Hill, Surrey). The water in the tanks was aerated and was changed every 
fortnight. The metamorphosing tadpoles were removed at stage 60-61 into 
tanks of standing tap water containing a few Tubifex worms on which they 
fed ad. lib. The water was changed and fresh live Tubifex added 
weekly. Larger toads were fed once a week on minced ox heart, the water 
being changed weekly on the day after feeding. Standing (dechlorinated) 
water was used in all tanks. 
Antigen administration 
HGG was used either in solution or coated onto latex particles as 
described in Chapter 2. It was administered either by direct immersion 
in a bath containing 5 mg dm- 3 of HGG in solution, or by injection. For 
injections the standard immunogenic dose of 25 11g g-1 body weight was 
used (Turner and Manning, 1974; Collie and Turner, 1975). In one 
experiment, a higher dose of 1 mg g-1 body weight was administered 
(i.e. 40 times the standard dose). There was found to be a greater 
mortality when the high dose was injected (75% of the tadpoles died), 
than when the standard dose was employed (46% died). 
Antigen was injected into tadpoles either intraperitoneally or 
into the thymus. Intraperitoneal injections were made using a glass 
needle fitted onto a micrometer glass syringe (Agla). The needle was 
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inserted through the skin into the abdominal cavity from the 
dorso-lateral position, The antgen was delivered whilst observing an 
expansion of the abdominal cavity eo ensure that antigen was entering 
the body correctly. For intrathymic delivery, the thymus was identified 
(it is readily visible through the transparent skin), the needle 
inserted, and the antigen injected, Expansion of the thymus could be 
observed as the antigen entered the gland, Both the left and the right 
thymus glands were used, half of the total dose being injected into each 
thymus. The challenge injections were made via the dorsal lymph sac and 
comprised the standard 25 ~g g-1 body weight dose of antigen in 
adjuvant, In some experiments KLH was used as an alternative antigen. 
Details of anaesthesia and antigen preparation are given in Chapter 2. 
Antigen localization and antibody production 
Antigen localization was examined by looking for the typical 
picture of trapped antigen in the splenic white pulp of Xenopus which is 
shown in Figure 49 and Figure 55 (Chapter 8), The spleens were removed, 
then quick frozen in liquid nitrogen, sectioned on a cryostat and 
studied using the direct, single layer, immunofluorescence technique 
described in Chapter 2. Serum was collected and the antibody titres 
measured by passive haemagglutination using as the ·serum diluent 1% 
normal Xenopus serum which had been heat-inactivated at 56"C and 
absorbed with SRBC, 
Experimental design 
The protocol for the experiments is shown in Figure 4i, 
Experiments in which larvae were exposed to soluble antigen from 
the early stages of larval development were started at stage 26-28 of 
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Nieuwkoop and Faber (1967) . Tne direct immersion method was employed . 
The larvae were immersed in a bath containing 5 mg dm- 3 HGG weekly until 
they reached stage 58 , totalling 12-15 immersions in all . They were 
then left to metamorphose and challenged at 5 weeks post- metamorphosis . 
Experiments in which the HGG was administered by injection 
commenced when the larvae were at stage 47-48 . Using the 
intrapericoneal route, antigen was injected at the standard rate of 25 
pg g-1 body weight either as soluble HGG or as HGG attached to latex 
particles (Rheuma - Wellcotest , Wellcome , U.K . ) . Some larvae were given 
40 times this dose (1 mg g-1 body weight) of soluble HGG 
intraperitoneally. Other larvae were injected intrathymically with 25 
pg g-1 body weight either in soluble form or on latex particles . In all 
cases the treatment was repeated at 4 week intervals up to stage 58 . 
For some larvae this entailed a total of two injections, for others 
there were thr ee . Th~s was done in order to ensure the persistence of 
exposure to antigen . The animals were then challenged at 5 weeks post-
metamorphosis . 
In all experiments the challenge dose was given via the dorsal 
lymph sac of the toadlet and comprised two injections of soluble HGG in 
adjuvant given at day 0 and day 12 (25 pg g-1 body weight) . The animals 
were sacrificed 3-4 weeks after the second challenge injection and used 
for examination of splenic antigen trapping and serum antibody titres . 
RESULTS 
A. ADMINISTRATION OF SOLUBLE HGG BY DIRECT IMMERSIONS 
Antibody titres produced by toadlets after challenge following 
direct immersion of larvae in soluble HGG commencing shortly after 
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hatching (at stage 26-28, approximately 2 days post-fertilization) are 
shown in Figure 42 and Table 22. It can be seen that direct immersions 
in soluble HGG on their own induced no antibody production, while 
toadlets which had been immersed in HGG as tadpoles produced anti-HGG 
titres following challenge which were not significantly different from 
controls which had been immersed in baths from which antigen had been 
omitted, (anti-HGG passive haemagglutination titres were 3.8 i: 1 .0 for 
the experimental group and 3.4 ± 0.9 for controls, P =more than 0.05, 
Mann-Whitney U-test). The animals immersed in HGG also gave normal 
primary anti-KLH responses when tested as toadlets (Table 22). 
Figure 43 shows the level of antigen (HGG) localization in the 
spleens of toadlets following challenge, as detected by 
immunofluorescence. It can be seen that prior immersions in antigen had 
no effect on the intensity of this response following challenge; also 
that no antigen was detectable was a consequence of the direct 
immersions on thier own. It seems therefore that in Xenopus, as in 
carp, exposure to the soluble antigen by direct immersion from an early 
stage of larval development has no effect on immunological memory; it 
neither induces tolerance nor yields positive immunity on subsequent 
antigenic encounters. 
B. ADMINISTRATION OF SOLUBLE AND PARTICLE-BORNE HGG BY INJECTION 
(i) Intraperitoneal administration 
From Figure 44 and Table 23, it can be seen that the standard dose 
of 25 ~g g-1 body weight of HGG was not tolerogenic even when injected 
starting at the early age of 7-9 days post-fertilization (stage 47-48 at 
room temperature). On the contrary, the primary injections of HGG were 
immunogenic, both when injected in saline and when coated onto latex 
Fig.42 Humoral antibody titres after challenge in Xenopus laevis 
immunized with HGG (Human qamma globulin) by Direct Immersion 
(DI) (Smg dm l kept at room temperature (20 + 2°C) 
All tadpoles were at the stage 26 - 28 when first immersed with 
HGG (vertical bar indicates standard error ) . 
Tadpoles received 12- 15 immersions at weekly intervals up to 
Stage 58. The challenge injections were given in adjuvant (adj.) 
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-1 (25 ~g g body weight) 5 weeks after metamorphosis ~ v . weiqht Sg) 
on day 0 and Day 12. The toadlets were sacrificed 4 weeks after 
the second challenge injection. 
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No. o f toadle t s:- 5 5 9 
Table 22 
Humoral antibody titres after challenge in Xenopus laevis immunized 
-3 
with HGG (Human gamma globulin) by direct immersions (5 mg dm ) , 
kept at room temperature (20 + 2°C) 
All tadpoles were at the stage 26-28 when first immersed with HGG. 
Tadpoles received 12-15 immersions at weekly intervals up to stage 58. 
The challenge injections were given in adjuvant (25 ~g g-1 body weight) 
5 weeks after metamorphosis (av. weight Sg) on day 0 and day 12. The 
toadlets were sacrificed 4 weeks after the second challenge injection. 
Anti-HGG or anti-KLH passive I haemagglutination antibody titre Primary Challenge 
treatment injection Mean + S.E -Titre No . of 
toad lets 
Saline in Anti-HGG 0 , 0 , 0 , 0,0 ,0, 0 (7) 0 Control immersions 
adjuvant 
I Anti-KLH 0, 0, 0, 0, 0 ,0 ,0 (7) 0 
Anti-HGG 0,0,0,0,0 (5) 0 
HGG illllllersions 
-
Anti-KLH 0,0,0,0,0 (5) 0 
KLH in Anti-HGG 0 , 0 , 0 , 0,0 ,0 (6) 0 11 
adjuvant Anti-KLH 1,1,2,4,6,9 (6) I 3.8 + 1.2 -
HGG in I Anti-HGG 0 , 3 , 4,4, 6 (5) 3.4 + 0.9 -Control immersions 
adjuvant 
I Anti-KLH 0,0 , 0 , 0,0 (5) 0 
I 
I 
HGG immersions 11 Anti-HGG 0 , 0,1,2 , 4,5,6 (9) 3.8 + 1.0 I 8,8 -
I I 
Each figure represents the -log 2 anti-HGG or KLH titre from one toadlet . 
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Primed with:-
Immunofluorescence indicatin9 HGG (Human gamma globulin) localization in spleen of toadlets following 
-3 
challenge. Tadpoles were immunized with HGG by Direct Immersion (DI) (Smg dm ) • 
Animals were kept at room temperature (20 + 2°C) 
All tadpoles were at the stage 26-20 when first immersed · with HGG. Tadpoles received 12-15 immersions 
at weekly intervals up to stage 58 . The challenge injecti ons were given in adjuvant (adj.) 
-1 (25~g g body weight) 5 weeks after metamorphosis (av . weight 5 g) on day 0 and day 12. The toadlets 
were sacrificed 4 weeks after the second challenge injection . 
I l l I l l I 
Control DI 
(x 12-15) 
I t • • • 
IIGG DI 
(x 12-15) 
. . .. . . . 
UGG DI 
(xl2-15) 
Control DI 
(x 12-15) 
I:IGG DI 
(xl2-15) 
Challenged with:- Saline in adj . KLH in adj. HGG in adj. HGG in adj . 
No. of toadlets: - 7 5 6 5 9 
- = No fluorescence. + Diffused fluorescence. * Tlriqht ** Very briqht fluorescence . 
Fig.44 Humoral antibody titres after challenge in Xenopus laevis 
following treatment with HGG (Human gamma globulin) either 
injected intraperitoneally in soluble form or coated onto 
-1 latex particles using the immunogenic dose (25~g g body 
weight) or injected i n soluble form using the high dose 
-1 (lmg g body weight). Animals were kept at room temperature 
(20 ± 2°C). 
All tadpoles were at stage 47-48 when first injected with HGG 
either in saline (sal. ) or on latex partic les. (Vertical bar 
indicates standard error) . 
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Tadpoles received repeated injections of EGG at four week 
intervals up to stage 58. The challenge injections were given 
n adjuvant (25~g g-1 body weight) 5 weeks after metamorphosis 
(av. weight Sg) on day 0 and day 12. The tadpoles were then 
10 sacrificed 4 weeks after the second challenge injection. 
9 
8 
7 
6 
l 
Saline HGG High dose Latex HGG on 
Prim ea ·.~ith:- onl y in sal. EGG in sal. only latex 
(x2-3) (x2-3) (x2-3) (x2-3) (x2-3) 
Challenged with:- EGG in adjuvant EGG i n adj uvant 
r.:o. of t oa dlets :- 7 5 6 5 6 
Table 23 
Humoral antibody titres after challenge in Xenopus laevis to HGG 
(Human gamma globulin) either injected intraperitoneally in soluble form 
-1 
or coated onto latex particles using immunogenic dose (25 pg g body weight) 
-1 
or injected in soluble form using high dose (1 mg g body weight). 
Animals were kept at room temperature (20 + 2°C) 
All tadpoles were at the stage 47-48 when first injected. 
Tadpoles received repeated injections of BGG at four week intervals up to 
stage 58. The challenge injections were given in adjuvant (25 ~g g-1 body 
weight) 5 weeks after metamorphosis (av . weight Sg) on day 0 and day 12 . 
The toadlets were sacrificed 4 weeks after the second challenge injection. 
Anti-BGG passive 
Primary Treatment Challenge haemagglutination antibody titre Mean + S.E (X2-3) injection -
Titre No. of toadlets 
Saline only Saline in 0 , 0 (2) 0 
adjuvant 
Latex particles only " 0 (1) 0 
Untreated HGG in 0,0,2,2,3,3,4,5 (8) 2 .4 + 0.6 
adjuvant -
Saline only " 0,1,2,3,3 , 4,4 (7 ) 2 .4 + 0 .5 
-
a~ in saline " 3,5 , 7,8,10 (5) 6.6 + 1.1 
-
HGG in saline 
" 0,0,0,0,0,2 (6 ) 0 .3 + 0 . 3 (High dose) -
Latex particles only " 0,1 , 3,3,5 (5) 2 .4 + 0 .8 
-
HGG on latex particles " I 3,5,5 ,9,10 ,1 2 (6) 7.3 + 1.3 
-. 
Each figure represents the - log 2 anti-BGG titre from o ne toadlet . 
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part1cles. Thus titres after challenge were 6.6 ± 1.1 after priming 
with soluble HGG and 7.3 ± 1.3 for latex-borne HGG compared with 2.4 ± 
0.5 for saline primed controls, 2.4 ± 0.8 for those given latex 
-
particles alone, and 2.4 ± 0.6 for non-primed toadlets (P 0.01, Mann 
Whitney U-test). 
In contrast, when soluble HGG was injected at higher doses into 
these young larvae, the effect was to suppress antibody production. 
From Figure 44 and Table 23, it can be seen that little or no antibody 
was produced following challenge in toadlets which had been primed with 
1 mg g-1 body weight of HGG. 
Immunofluorescence studies (Figure 45) show that toadlets primed 
with high doses of antigen not only failed to produce antibody, but also 
showed no antigen trappinq in their spleens. In contrast, those which 
received the standard dose of 25 ~g g- 1 body weight, showed normal 
levels of antigen localization following challenge. Methyl green 
pyronine staining confirmed the presence of aggregates of pyroninophilic 
cells in proximity to the dendritic cells which trap antigen in the 
spleens of challenged toadlets, These occurred in challenged toadlets 
following priming with the standard dose of HGG (whether latex-borne or 
in soluble form) as well as in non-primed toadlets. 
(iil Intrathymic administration 
From Figure 46 and Table 24, it can be seen that injection of HGG 
into the thymus had much the same effect as injecting it 
intraperitoneally. There was no evidence that the treatment was 
tolerogenic; on the contrary HGG injected into the thymus commencing at 
stage 47-48 served to enhance the level of antibody titres following 
challenge. This was the case whether the intrathyruc injections were 
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Fig.45 Immunofluorescence indicating antigen localization in the s~leen of toadlets following challenge. 
Tad les were either in "ected intra eritoneall with nr.G · (Human qamma lobulin) in soluble form or 
coated onto latex particles usinq immunogenic dose (25~q q body weight) or injected in solubl e form 
using high dose (lmg g-1 body wei0ht). Animals were kept at room temperature (20 ± 2°C). 
All tadpoles were at the stage 47-48 when first injected with HI.G . 
Tadpoles received repeated injection of IIGG at four weeks intervals up to stage 58. The challenge 
injections were given in adjuvant (25~g g-1 body weight) 5 weeks after metamorphosis (av . weight Sg) 
on day 0 and day 12 . The toadlets were sacrificed 4 weeks after the second challenge injection. 
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Fig. 46 Humoral antibody titres after challenge in Xenopus laevis 
following treatment with HGG (Human gamma globulin ) injected 
intrath~ically in soluble form or coated onto latex particles 
(25~g g-1 body weight) , kept at room temperature (20 + 2°C) 
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All tadpoles were at the stage 47-48 when first injected with 
HGG in saline (sal.) or onto latex particles (vertical bar 
indicates standard error) . 
Tadpoles received repeated injection of HGG at four weeks 
intervals up to stage 58. The challenge injections were 
given in adjuvant (25~g g-l body weight ) 5 weeks after 
metamorphosis (av . wei~ht Sg) on day 0 and day 12. 
Th~ toadlets were sacri:iced 4 weeks after the second challenge 
injection. 
8 
7 
6 
5 
4 
3 
2 
1 
?rimed 11i th:- Saline HGG in Latex HC",G on 
only saline only Latex 
(x2-3) (x2-3) (x2-3) (x2 - 3) 
Challen~ed with :- HGG in adjuvant :iGG in adjuvant 
No . of toadlets:- 5 4 5 4 
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Table 24 
Humoral antibody titres after challenge in Xenopus laevis following 
treatment with HGG (Human gamma globulin) injected intrathymically in 
-1 
soluble form or coated onto latex particles (25 ~g g body weight), 
kept at room temperature (20 + 2°C) 
All tadpoles were at the stage 47-48 when first injected . 
Tadpoles received repeated injection of HGG at four week intervals up to 
stage 58 . The challenge injections were given in adjuvant (25 ~g g-1 body 
weight) 5 weeks after metamorphosis (av. weight 5 g) on day 0 and day 12. 
The toadlets were sacrificed 4 weeks after the second challenge injection. 
Anti-HGG passive 
Primary treatment Challenge haemagglutination antibody titre Mean + S.E (X2-3) injection -Titre No. of 
toad lets 
Untreated BGG in 0, 0 , 2,2,3,3,4,5 (8) 2.4 + 0.6 
adjuvant -
Saline only " 0,2,2,3,5 (5) 2.4 + 0 . 7 
-
BGG in saline " 4,5,5,8 (4) 5.5 + 0. 7 
-
Latex particles only " 1,1,2,3,4 (5) 2.2 + 0.5 
-
BGG on latex particles " 4,4,6,9 (4) 5. 7 + 1.0 
-
Each figure represents - log 2 anti-BC~ t i t xe f r om one t oadlet. 
1 
Fig.47 
Primed with:-
Immunofluorescence indicating antigen localization in the spleen of toadlets following challenge. 
Tadpoles were injected intrathymically with HG\. (Human gamma globulin) in soluble form or coated 
onto latex particles (25~g g-1 body weight), kept at room temperature (20 + 2° C) 
All tadpoles were at stage 47-48 when first injected with HGG. Tadpoles received repeated injections 
of HGG at four week intervals up to stage 58. The challenge injections were given in adjuvant 
(25~g g-1 body weight) 5 weeks after metamorphosis (av . weight Sg) on day 0 and day 12. The toadlets 
were sacrificed 4 weeks after the second challenge injection. 
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made with HGG in saline (antibody titres on challenge of 5.5 t 0.7 cf. 
2.4 ± 0.7 in the saline injected controls) or on latex ~articles 
(antibody titres on challenge of 5.7 t 1.0 cf. 2.2 t 0.5 for Xeno~us 
~rimed with latex particles alone). P = 0.03 and 0.02 respectively, 
Mann Whitney U-test. Similarly antigen localization in the spleen 
following challenge showed a normal positive picture (see Figure 47), 
thus supporting the evidence for absence of any tolerogenic effect. 
DISCUSSION 
These experiments, using a soluble thymus dependent antigen (HGG) 
and commencing at an early age, showed no evidence of tolerance 
induction except in cases where very high doses of antigen were used. 
Direct immersions in soluble HGG starting from the immature stages of 
development did not influence subsequent antibody production following 
challenge. In this respect the young Xenopus resemble carp at one week 
or 4 weeks old (Chapter 4). The 4 week old carp could, however, respond 
to particulate antigens applied by direct immersion. This has not been 
tested in Xenopus. 
In contrast to direct immersion, the administration of HGG by 
injection was effective in enhancing antibody production in tne toadlet 
after challenge. This ~ositive memory was induced following the 
injection of standard doses of HGG to the larvae commencing in the 
second week of life. This is in contrast to the carp where a standard 
dose (25 ~g g-1 body weight) of HGG injected in the first month of life 
induces tolerance rather than positive anamnesis in antibody production 
(Chapter 3). The fact that positive memory responses can be initiated 
early in Xenopus is consonant with the findings of other authors which 
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suggest that, under appropriate conditions, amphibians can be 
sensitized, rather than rendered tolerant, from a very early stage of 
development. Thus Jurd, Luther-Davies and Stevenson (1975) injected HGG 
light chains into Xenopus at stage 48, a stage where normally no 
response can be detected, and showed that this injection could prime the 
larva to give a specific secondary !gM to LMW immunoglobulin response, 
Also, Manning and Al Johari (1984) demonstrated positive memory 
responses to SRBC following injections of this antigen commencing in 
Xenopus at stage 48. The memory responses could not be expressed within 
the larval period itself but could be demonstrated when the animals were 
primed with SRBC as larvae and challenged post-metamorphosis. 
The experiments reported in the present chapter using standard 
doses of HGG confirm that immunological memory induced in the larva is 
conserved through metamorphosis, The changes which occur at 
metamorphosis include active suppression of some histoincompatibility 
reactions (Du Pasquier and Bernard, 1980) accompanied by qualitative and 
quantitative changes in the lymphocytic population (Du Pasquier, 1976, 
1982), These changes, however, do not appear to affect the established 
memory component of the immune system since both positive immunity and 
transplantation tolerance induced in the larva can still be demonstrated 
in the post-metamorphic animal (see Du Pasquier and Haimovich, 1976; Du 
Pasquier, 1982). 
Although tolerance could not be induced even in young larvae using 
a standard immunogenic dose of HGG, a form of high zone tolerance was 
obtained in the present experiments employing forty times the standard 
dose. This dose had previously been shown to suppress the antibody 
responses when injected into adult toads or into stage 54 Xenopus larvae 
(Manning and Al Johari, 1984), Stage 48 larvae, stage 54 larvae, and 
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toads therefore all appear to behave in much the same way with respect 
to high zone suppression of antibody formation. 
Experiments in which the standard dose of antigen was injected 
directly into the thymus of tadpoles starting at 7-9 days old (stage 48) 
produced results similar to those using 9-10 week old carp (Chapter 3); 
i.e. there was no essential difference between the use of this route and 
other routes of administration. There was certainly no greater 
propensity to tolerance induction, such as occurs when antigen is 
injected directly into the thymus of a mammal (Ohara, Shimizu, Kakinuma, 
Kimura and Okada, 1979), This confirms'the finding of Al Johari 
(personal communication) who injected soluble HGG into the thymus of 
young Xenopus larvae, In the present experiments HGG was also used on 
latex particles in the hope of ensuring that the antigen remained in 
situ in the thymus for long enough to obviate the criticism that it may 
too rapidly leak away from the vicinity of the thymocytes. It is 
admitted however that it is not known for how long the HGG remains 
associated with the latex particles once inside the body, 
( 
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INTROOOCTION 
Antigens may be subject to long-term retention extracellularly on 
the surfaces of dendritic cells. This type of antigen trapping occurs 
in the form of immune complexes in birds and mammals where antigen 
localization is associated with the germinal centres of the secondary 
lymphoid organs (Brown, Schwab and Holborow, 1970; Nossal and Ada, 
1971; van Rooijen, 1973a,b; White, Henderson, Eslami and Nielson, 
1975). 
Germinal centres are absent in fish and amphibians but a similar 
form of antigen localization has been described in the jugular bodies of 
the marine toad, Bufo marinus (Diener and Marchalonis, 1970), in the 
spleen of Xenopus laevis (Horton and Manning, 1974; Collie, 1974; 
Collie and Turner, 1975) and in the spleen and pronephros of fish 
(Ellis, 1974, 1980; S·ecombes and Manning, 1980). In the spleen of X. 
laevis, Baldwin and Cohen (1981a,b) have recently identified dendritic 
cells, which they term the "XL" cells, as being the primitive 
equivalents of mammalian follicular dendritic cells. These antigen 
trapping dendritic cells do not attain their mature location and 
appearance until the later stages of larval development (Collie, 1976; 
Baldwin and Sminia, 1982) at about stage 59. Since positive 
immunological memory to soluble antigens can be induced considerably 
earlier than this (see Chapter 7), and since a role in B cell 
proliferation and immunological memory has been postulated as a function 
of antigen trapping by dendritic cells (Klaus, 1978; van Rooijen, 
1980), it was felt appropriate to look more closely at the "XL" 
dendritic cells and at antigen localization in X. laevis. 
It has been concluded by several authors that, in mammals, 
complexing of antigen with specific antibody is a major condition for 
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follicular antigen localization (Humphrey and F rank, 1967; Lang and 
Ada, 1967), and it has been shown that immune complexes and aggregated 
immunoglobulin localize more rapidly than antigen in native form. A 
similar conclusion has been reached for fish (Secombes , Manning and 
Ellis, 19e2a), but for Xenopus the evidence is still circumstantial . 
The general similarity of the antigen trapping picture seen by 
immunofluorescence in the Xenopus spleen to that of the dendritic cell 
localization of immune complexes in birds and mammals, the kinetics of 
the trapping (which peaks as antibody levels begin to rise), a nd the 
failure of trapping in early thymectomized Xenopus which lack antibody 
p roduction to HGG (Horton and t-1anning , 1974), all point to the 
involvement of immune complexes. In the present investigation of the 
fate of injected immune complexes and of heat aggregated HGG was 
examined in order to provide further evidence concerning this question. 
In fish, antigen localization has been examined for other soluble 
proteins besides gamma globulins (e . g. Ellis, 1980 examined antigen 
trapping of BSA in plaice) . In Xenopus, microbial antigens have been 
used, but these localize differently from soluble p roteins ( Secombes and 
Manning, 1980). Otherwise most work has been done with foreign gamma 
globulins or with antigen/ antibody complexes such as peroxidase/ anti-
peroxidase antigens. The present study therefore included a foreign 
serum albumin (human serum albumin, HSA) to see whether this was 
l oca lized in the Xenopus spleen in a simi lar manner to HGG . The work 
also included an investigation of isolated dendritic cells and 
experiments are described in which these cells, bearing their trapped 
antigen, were isolated and inoculated into non-immunized recipients in 
order to follow their fate and to test their immunogenicity . 
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MATERIALS AND METHODS 
Animals and experimental design 
X. l a evis toadlets weighing 10- 15g of either sex were used in 
t h ese experiments . They were obtained from stock bred in our laboratory 
whose par ents, or more usually grandparents , were imported from Xenopus 
Limited, Red Hi l l , Surrey . The husbandry is described in Chapter 7 . 
The toadlets were injected via the dorsal lymph sac with a single 
standard dose (25 ~g g-1 body weight) of HGG or HSA, or 25 ~g g - 1 of 
these antigens in their a l tered forms (see below) , e i ther with or 
without adjuvant . They were then killed , 2- 5 animals at a t i me, at 
weekly inter va l s from week 1 to week 8 after the injection . The 
spleens , liver and occasionally kidney and thymus, were removed to 
detect the presence of any localized antigen using the direct, single 
l ayer , immunof l uor escence test described in Chapter 2 . The ser um was 
tested for its antibody titres using the passive haemagglu tination 
technique, also described in Chapter 2. 
Antigen preparation 
(i) Nati ve and aggregated antigen 
Native antigen (HGG or HSA) was prepared in saline which was then 
emulsified with an equal volume of Freund ' s complete adjuvant (see 
Chapter 2) . 25 ~g g-1 body weight of antigen was then injected via the 
dorsal lymph sac (Turner and Manning , 1 974) . Aggregated HGG or HSA was 
prepared oy the method of heat aggregation described in Chapter 2. The 
aggregated antigen was injected in saline at the standard dose of 25 pg 
g- 1 body weight . 
(ii) HGG/anti-HGG immune complexes 
Complexes of HGG with homologous (Xenopus) anti-HGG antibodies 
were formed in vitro as described by White, Henderson, Eslami and 
Nielsen (1975) , which is briefly outlined as follows. 
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The homologous antibody was produced using four adult toads of 
body weight 100-130g. These toads were hyper-immunized with HGG in 
adjuvant by injecting 25 ~g g-1 body weight of antigen via the dorsal 
lymph sac on days 0 , 12 and 56. They were bled 4 weeks after the last 
injection . The sera were tested by passive haemagglutination and all 
showed high anti-HGG titres of more than 20 (titre -log 2). The sera 
were pooled and the optimal concentration of antigen for use with this 
antiserum was determined using the interfacial ring test (see Campbell, 
Garvey, Cremer and Sussdorf, 1963) . The remaining antibody was then 
mixed with an equal volume of HGG at optimal concentration and left for 
2 hours at room temperature, then overnight at 4°C. The immune 
complexes which had precipitated to the bottom of the tube were 
recovered by centrifuging at 250g for 5 min, discarding the 
supernatant. The precipitated complexes were washed with 0.85% saline, 
then dissolved in antigen excess using a ten-fold concentration of the 
antigen (HGG) solution to that originally employed at optimal 
concentration. The immune complexes were either injected as such in a 
dose of 25 ~g g-1 body weight via the dorsal lymph sac, or were 
emulsified in an equal volume of adjuvant before injection. 
Separat~on and injection of antigen trapping cells 
The · use of different density gradients for the separation of 
various kinds of cells is a common procedure. In the present study a 
pilot experiment was conducted to see whether the antigen trapping 
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dendritic cells of the Xenopus spleen could be separated in this way. 
Percoll density gradients described by Braun-Nesje, Bertheussen, Kaplan 
and Seljelid (19d1) were employed. 
In this pilot study six toadlets of approximately 10g body weight 
were injected with HGG (25 ~g g-1 body weight) in adjuvant on days 0 and 
12. They were killed 3-4 weeks after the second injection, at which 
time normal toadlets show strong antigen localization on their splenic 
dendritic cells (see Figures 49 and 55). The spleens were placed in 
3 cm3 of culture medium and homogenized gently using a loose-fitting 
tissue grinder, they were allowed to stand on i ce for one minute to 
allow lumps of tissue to settle, the suspended spleen cells were then 
removed with a Pasteur pipette. All work was carried out aseptically 
and the culture medium used contained L-15 (Leibovitz medium, Gibco, 
Scotland) , 5 cm3 ; double distilled water 4 cm3; foetal calf serum, 
cm3 ; pencillin/streptomycin (10 ,000 i.u. cm-3 ), 0 . 2 cm3 ; heparin (5000 
i.u. cm-3 ), 0.05 cm3 • The number of cells harvested from each spleen 
was 7 . 8 X 106 ± 0 . 97 X 106 (n = 6) . 
Density gradients from Percoll were prepared from stock isotonic 
Percoll (SIP). SIP was prepared by taking 9 parts of Percoll (Sigma, 
St. Louis; specification= 1.130g cm-3 densLty and 280-320 m Osm. Kg- 1 
water) and 1 part (by volume) of sterile 1.5 M NaCl solution. The 
density of the resulting SIP was 1 .1 23g cm-3 . Solutions of two 
different densities were prepared using the following formula:-
where Vy 
Vy = Vi (Pi-P) (P-Py) 
volume of diluting solution (cm3) 
Vi volume of SIP (cm3) 
183. 
Pi density of SIP (g cm-3) 
Py density of diluting solution (g cm-3) 
P density of diluted solution of Percoll (g cm-3) 
The heavier dens1ty layer was 1 . 08g cm-3; L-15 was used as the diluting 
solution for this layer. The lighter layer was 1 .07g cm- 3 ; it was made 
up using 0 . 15 M NaCl as the diluting solution . The pink colour of the 
L15 permitted clear visual distinction between the upper and lower 
layers. 
The gradients were layered carefully in a sterile 10 cm3 
centrifuge tube (Sterilin , U. K. ) with a 4:3 ratio of bottom layer to top 
layer . 3 cm3 of splenocyte suspension was carefully loaded over the top 
layer . The tube was then centr1fuged at 1600 rpm (350g) for 30 min at 
4-6·c . 
Two layers of leucocytes were visible after centrifugation, one in 
each Percoll layer (Figure 48) . These were harvested separately using a 
Pasteur pipette . The layer in the dens1ty gradient 1 . 07g cm-3 was 
termed the 'top layer' , that in density gradient 1 . 08g cm-3 was termed 
the ' bottom layer'. After harvesting, the cells were washed with 
culture medium and resuspended to 10 6 cell cm-3 • The viability was 99% 
and there was little contamination with erythrocytes . Smears were made 
with 10 5 cells/smear using a Cytospin centrifuge (Shandon) in order to 
examine the cells present in each layer. 
Smears were fixed with methanol for 1-2 min . The presence of 
antigen bear1ng cells (dendritic cells with KGG trapped on their 
surface) was detected using the d irect, single layer, immunofluorescence 
technique . Qualitative est1mates were made , us1ng coded slides , of the 
proportion of fluorescence-labelled to non-labelled cells in each 
Densi ty 
-3 
l g -c-m l 
1·01 
1·08 
?ig . 48 Se9aration of dendritic cells from Xeno~us laevis 
s9lenocytes by using di=ferenc 9ercoll censity 
gradients 
Splenocy te 
suspension 
160Qrpm( XJ 50gl for 
.. 
JOmin. at 4-6 C 
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l.,ay er 
Top 
Bottom 
+ lymphocytes 
To9 layer:- Rich in dendritic cells with some lym9hocyte contamination . 
(viability 99\) 
aottom layer:- Rich in lymphocytes and erythrocytes with some 
dendritic cell contamination . 
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cytospin smear . The results are given in Table 25 , from which it can be 
seen that the top layer was rich in antigen- bearing cells (presumed to 
be the follicular dendritic " XL " cell ), while the lower layer contained 
a much smaller proportion of f l uorescence-labelled cells. 
Having devised a method for obtaining an enriched suspension of 
pu tative dendritic cells with their localized antigen, these cells were 
used for injection into normal (non-immuniz ed) recipients . Because the 
possible migratory routes of these cells was unknown, it was decided to 
use a mixed route of administration ; half of the cell dose being 
injected via the dorsal l ymph sac a nd half into the femoral vein. 
Transfer was made on the basis of one donor to o ne recipient, the total 
cells from one layer (obtained from one spleen) being injected into the 
host . Histocompatible animals were not a vailable for use at the time 
these experiments were performed . 
To obtain these antigen-bearing cell suspensions for injection , 
donors weighing about 10g were injected with HGG in adjuvant (25 ug g-1 
body wei gh t) o n days 0 and 12. Spleens were removed 3-4 weeks after the 
second injectio n. Dendritic cell enriched suspensions were obtained 
using Percoll density gradients as described above . The top layer and 
the bottom layer of the gradient were collected separately . Because 
these layers also contained lymphocytes , the cell suspensions were 
treated with mitomycin C to reduce the histocompatibility reactions of 
the lymphoid cells present in the suspension . This was done by treating 
with mitomycin Cat a concentration of 0 ,05 mg cm-3 at 26'C for 1 hour 
(Johari, Botham and Manning, 1981) . The cells were then washed thrice 
with culture medium to remove the mitomycin C, re-suspended in a small 
volume of medium and injected into toadlets of approximatel y 10g body 
weight, half via the dorsal lymph sac and half into the femoral vein. 
Table 25 
Estimation of the relative proportion of a n,t-igen bearing 
cells (XL cells) in the two layers formed by Percoll 
density gradient separation of Xenopus laevis splenocytes 
All toadlets were 10-15g when injected . They were kept at 
room temperature (20 !. 2 °C) . 
The toadlets were sacrificed for direct immunofluorescence 
examination us ing cytospin smears, 3-4 weeks after injection 
with HGG (Human gamma globulin) in adjuvant . 
Layer Estimate of fluorescence No. of 
toad lets 
Top layer * ** ** ** ** ** 6 , , , 
' 
, 
Bottom layer + , +, +, +, +, * 6 
Each rating represents one toadlet. 
+ few cells showing fluorescence 
* about 20- 50 % labelled cells in cytospin smear 
** more than 50% labelled cells in cytospin smear 
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Fig. 49. 
Fig. 50. 
Direct immunofluorescence showing localization of BGG 
{Human gamma globulin) on the dendritic cells in the white 
pulp of 10g toad injected with HGG in adjuvant via dorsal 
lymph sac. Toads were sacrificed 21 days after the 
injection for cryostat sections {10 ~). 
a = dendritic cells in the peripheral region of the 
white pulp area. 
b dendritic cells in the middle region of the white 
pulp area. 
Direct immunofluorescence showing localization of BGG 
{Human gamma globulin) on the dendritic cells separated 
from a splenocyte suspension using Percoll density 
gradients from a toad (lOg) injected w~th HGG in 
adjuvant via dorsal lymph sac. Toads were sacrificed 
21 days after the injection for Percoll separation and 
cytospin smear preparation. 
a = dendritic cells showing granular blobs on the surface 
(possibly contracted dendr~tic processes bearing 
trapped immune complexes) 
b dendritic cells showing a more even distribution of 
antigen (BGG) on their surface. 
188 
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The recipient toads were killed at different time intervals from 2 
days to 7 weeks after the injection of the antigen-bearing cells, Their 
serum was tested for anti-HGG antibody production using tne passive 
haemagglutination technique and their spleen and other tissues (kidney, 
liver and, in some cas.es, thymus) examined for localized antigen using 
immunofluorescence. 
The appearance of the antigen-bearing cells before injection is 
shown in Figure 50, which depicts cells separated in the top layer of 
the Percoll density gradient. Ther'e was some variation in the size of 
these cells, also in the disposition of the HGG which sometimes appeared 
as 'blobs' (possibly representing contracted dendritic processes) and 
sometimes in a more even surface distribution, 
RESULTS 
A, RES FONSES TO HGG AN 0 ITS MODIFIED FORMS 
(i) Responses to HGG in adjuvant 
The response of X. laevis to native HGG administered in adjuvant 
is well documented (see, for example, Turner and Manning, 1973), In the 
present experiments it was studied for comparison with the kinetics of 
antigen trapping and antibody production following the administration of 
heat aggregated HGG or HGG complexed with antibody. Following a single 
injection at 25 ~g g-1 body weight native HGG in adjuvant into toadlets, 
no serum antibody was detected until week 4-5 when low levels were 
produced by a few animals. By week 6 the peak level of 4.3 ± 0.7 (titre 
-log 2) was obtained (see Table 26). 
Immunofluorescence studies (see Figure 51) and methyl green 
pyronine staining revealed no antigen trapping and few pyroninophilic 
Fig 51 Immunofluorescence indicating antigen localization in the spleen of Xenorus laevis injected with Hr~ 
and its modified forms via dorsal lymph sac (25ug n-1 body weiqht) kept at room temperature (20 ~ 2°C) 
Average weight of toadlets was lO.Og when injected. 
The toadlets were sacrificed at different time intervals after injection. 
HGG in adjuvant 
•• 
• 
+ 
I I 1 I I I 
Ql g Heat aggregated HGG in saline 
Ql •• 
u 
.. 
Ql 
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-
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cells in spleens of toadlets sacrificed in the first week after 
injection. The pyroninophilic cells which were present were scattered 
in the red pulp and white pulp. Antigen associated with dendritic cells 
began to appear in the spleen by the end of the second week, most was 
detected in the white pulp, but some antigen was observed in the red 
pulp as well. There were also more pyroninophilic cells present than at 
week 1, especially in the white pulp. By the third week, antigen was 
detected only in the white pulp and the fluorescence picture became 
increasingly bright, reaching a peak by the end of week 3 (see Figure 
55). At this time abundant pyroninophilic cells of various sizes were 
observed in the white pulp, with relatively few in the red pulp. White 
pulp antigen-trapping and pyroninophilia remained high up to week 6 and 
thereafter declined (see Figure 51). 
(ii) Responses to immune complexes 
The results obtained when HGGjanti-HGG immune complexes were 
prepared in antigen excess and injected either in saline or by 
emulsifying with an equal volume of adjuvant are shown in Figures 51 and 
52 and in Table 26. 
Splenic immunofluorescence revealed antigen localization as early 
as day after injection of the immune complexes (see Figure 54), mainly 
in the white pulp areas, although a small amount of antigen was also 
detected in the red pulp. The picture was still bright when examined 4 
days after injection but was fading a little, and, by day 8, had become 
diffuse. The injected animals showed higher levels of white pulp 
pyroninophilia than was present in their controls, the levels being 
higher in toadlets injected with immune complexes in adjuvant than in 
those receiving immune complexes administered in saline. 
Fig.52 
HGG anti-HGG Immune Complexes in saline 
** 
* 
. 
I I I I I 
Bottom layer (containing relatively few HGG-bound dendritic cells) 
*· 
+ N.T. 
N.T. N.T 
Time in days (1 - 4) (6 - 12) (16 - 29) 
(32 - 35) (40 - 42) (48 49) (62) 
N.T. Not tested 
Table 26 
Humoral antibody production in Xenopus laevis to HGG (Human gamma glObulin) and its 
modified forms injected via dorsal lymph sac or (for dendritic cells via both dorsal 
lymph sac and femoral vein), kept at room t~mperature (20 + 2"C) 
Average weight of toadlet was 10.0 g when injected. 
The toadlets were sacrificed at different time intervals after the injection. 
Anti-HGG passive haemagglutination antibody titre 
Treatment TIME IN DAYS 
1-4 6-12 18-19 25-29 32-35 40-42 48-49 
HGG in adjuvant 0,0,0,0 0,0,0,0,0 0,0,0 0, 0, 1 0,1,2 3,4,6 0,2,3,4 
HGG anti-HGG immune 0,0,0,0 0,0,0,1,1 10, 12, 15 8,9,9 6,9 7,9,10 8,8 
complexes in adjuvant 
Heat aggregated HGG 0,0,0,0 0,0,0,0,0,0 0,0,0 0, 0,1 0,0,2 0,0,1 0,0 in saline 
HGG, anti-HGG immune 0,0,0,0 0,0,0,0,0 4,4,6 2,2,3 1,2,3 1 ,1, 3 3,5 
complexes in saline 
Percoll gradient top layer 
(HGG-bound dendritic 0,0,0,0 0,0 0,0,0,0,2 0,6 4,7 1' 5 5,6 
cells in medium) 
Percoll gradient bottom N.T N.T N.T 0,0 0,0 0,0 0,0 layer cells (in medium) 
Each figure represents the - log 2 anti-HGG titre from one toadlet. 
N.T Not tested 
62 
N.T 
3,4 
N.T 
2,2 
N.T 
N.T 
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By the middle of week 3 (about 18 days after injection) the bright 
fluorescence picture had returned. At this time the spleens showed a 
considerable number of pyroninophilic cells of varying sizes, 
particularly in the white pulp areas. The strong localization of HGG 
trapped on dendritic cells was maintained up to week 6 and thereafter 
began to fade, the disappearance occuring somewhat earlier for complexes 
injected in adjuvant than for those injected in saline. The results of 
injecting immune complexes therefore resembled those following the 
injection of native HGG in as much that the py·roninophilia peaked at 
week 3 and decreased thereafter. They were also similar 'in that each 
showed an intense peak of antigen localization by the end of week 3. In 
the case of the immune complexes however this peak was preceded by an 
earlier peak revealed by a strong immunofluorescenc~ picture obtained as 
early as day 1 after injection. 
When animals which had received immune complexes were tested for 
their anti-HGG antibody formation, it was found that no antibody was 
detectable during the early stages, i.e. up to the end of the second 
week, In the beginning of the third week however, as antigen trapping 
was approaching its second peak, all animals were found to be producing 
high antibody titres. The antibody levels were higher and were produced 
sooner than when native antigen was injected in adjuvant (see Table 
26), They were also higher when the immune complexes were injected in 
adjuvant than when they were given in saline, High titres appear to be 
maintained at least up to week 7. 
(iii) Responses to heat aggregated HGG 
When heat aggregated HGG was injected (25 ~g g- 1 body weight in 
saline) it was found to localize in the white pulp about one week 
_:: j.. 
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Fig. 53. . T.S of Xenopus spleen. 
·Fig. 54. 
Direct immunofluorescence ·showing localization of 
BGG (Human gamma globulin), in the white pulp of a 
lOg toad injected with heat-aggregated HGG in saline 
via the dorsa:l lymph sac. The toad· was sacrificed 
16 days after injection for cryostat 'sections of the 
spleen ( 10 f.unl • 
T.S of Xenopus spleen 
Direct immunofluorescence showing localization of 
HGG (Human gamina globulin) in the .white pulp of a 
lOg toad injected with HGG/anti-HGG immune complexes 
in adjuvant prepared in vitro and delivered via the 
dorsal lymph sac. The toad was sacrificed one day 
after injection for cryostat sections of the spleen 
( 10 IJ.ID) • 
19 5 
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earlier than HGG injected in native form in adjuvant but also to decline 
about 2 weeks earlier (Figure 51). At first, in week 1 after injection, 
toadlets receiving heat aggregated HGG showed diffuse fluorescence all 
over the spleen in both the white pulp and red pulp, and no 
pyroninophilic reaction. Localization of the HGG on dendritic cells in 
an outer zone within the white pulp began to occur at the end of the 
first week and was accompanied by localization on cells immediately 
surrounding the white pulp area to give the 'double ring' appearance 
described by Collie (1974). This outer zone disappeared during week 2 
leaving the red pulp almost free of antigen. The strong fluorescence in 
the white pulp at this time is shown in Figure 53. Large pyroninophilic 
cells were also increasing in number in this area, although they did no~ 
reach the levels observed for ndtive HGG injected in adjuvant, and they 
also declined more rapidly, becoming few in number by the fifth week. 
Both antigen trapping and the pyroninophilic cell response therefore 
seem to be less intense, but are accelerated in their time course, when 
HGG is administered in aggregated form as compared with native HGG 
injected in adjuvant. 
The antibody response to HGG is shown in Table 26. Despite the 
accelerated localization of aggregated HGG, anti-HGG antibody production 
was very poor. This may well be attributed to the absence of adjuvant. 
Thus, when parallel experiments were performed using native HGG injected 
in saline it was found that antigen trapping followed a pattern similar 
to that when native HGG was injected in adjuvant but no serum antibody 
was detected in 10g toadlets (unpublished results). 
B. RESPONSES TO THE INJECTION OF ANTIGEN-BEARING CELLS 
When antigen-bearing cells harvested from the top layer of a 
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Percoll gradient were injected into recipient toadlets, the antigen was 
identified mainly in the spleen, Immunofluorescence studies revealed 
very little antigen in the kidney or the liver and none in the thymus. 
Some cells which were dendritic in appearance and which bore antigen 
were found in the spleen of the recipient as early as day 2 after 
injection, They were seen in both red pulp and white pulp areas. More 
were present at day 12 and by day 16 they were quite numerous especially 
in the white pulp in the usual location for fluorescence. This level 
was maintained through to week 6 and thereafter began to decrease 
(Figure 52), In contrast to cells derived from the top Percoll layer, 
those from the oottom layer produced very little antigen localization in 
the recipient's spleen, only a few fluorescent cells being present, 
Again these had disappeared after week 6 (Figure 52). 
Anti-HGG serum antibody was produced by the recipient following 
injection of the antigen-bearing cells from the top Percoll layer, In 
contrast no antibody was found when the bottom layer cells were 
injected. From Table 26, it can be seen that antibody was not produced 
until the second to third week after the top Percoll layer cells were 
injected, but from the end of week 3 onwards the levels of antibody were 
similar to those attained following injection of immune complexes in 
saline, 
C, RESPO!JSES TO NATIVE AND AGGREGATED HSA 
(i) Responses to HSA in adjuvant 
HSA (human serum albumin) was selected as an alternative soluble 
antigen for comparison with HGG, Following injection of the antigen in 
adjuvant, it was found that the trapping of HSA was similar to that of 
HGG, both in the location and intensity of the immunofluorescence 
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Fig. 55. T;S of Xenopus spleen 
Direct immunofiuorescence showing localization of HGG 
(Human gamma globulin) in the white pulp of a lOg toad 
injected with HGG in adjuvant via the dorsal lymph sac. 
The toad was sacrificed 21 days after injection for 
cryostat sections of the spleen (1'0 J.l.lll) ._ 
Fig. 56. T. S. of Xenopus spleen 
Direct immunofluorescence showing localization of HSA 
(Human serum albumin) in the white pulp of a lOg, toad · 
injected with HSA in adjuvant via the dorsal lymph sac. 
The toad was sacrificed ·21 days after injection for 
cryostat sections of the spleen (1'0 J-Lm) • 
2 00 
Fig.57 Immunofluorescence i ndicati ng antigen l ocalization i n the s pl een of Xenopus laeyis i njected with HSA (Human serum 
albumin) in adjuvant or heat aggr egated HSA in saline and e xamined at di ffe r ent time int ervals after injection 
(together wi th antibody titr es) . 
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(Figure 56) and in the time course of spleen cell antigen trapping 
(Figure 57). Thus, no HSA was localized for the past two weeks after 
injection, but from the beginning of the third week antigen could be 
observed in the splenic white pulp in association with the dendritic 
cells, the picture peaking between weeks 3 and 5 then beginning to 
decline. Despite the strong antigen localization, however, no anti-HSA 
antibody production could be detected. Indeed, even when stronger 
immunization schedules were adopted by injecting HSA in adjuvant either 
at days 0 and 12, or at days 0 and 56, and testing respectively 5-6 
weeks and 4-5 weeks after the second injection, the injections still 
failed to induce anti-HSA antibody production. 
(ii) Responses to heat aggregated HSA 
The results of injecting heat aggregated HSA in saline are shown 
in Figure 57. Unlike aggregated HGG, there was no accelerated 
localization of heat aggregated HSA, aggregated HSA being trapped in a 
similar manner to native HSA in adjuvant. Again, little or no anti-HSA 
antibody was produced. 
DISCUSSION 
The use of aggregated HGG in mice (Brown, DeJesus, Holborow and 
Harris, 1970; Brown, Harris, Papamichail, Sljivic and Holborow, 1973) 
and in chickens (White, Hendersen, Eslami and Nielson, 1975), 125!-HGG 
and 3H-dinitrophenol-BGG in rabbits (van Rooijen, 1973b), 125r-flagellin 
polymers in rats (Nossal, Austin, Pye and Mitchell, 1966) and HSA in 
chickens (\'lhite, 1963; White, French and Stark, 1970) has demonstrated 
that, unlike inert particles, antigenic material is maintained for only 
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a short time intracellularly but persists for a period of several weeks 
in the form of antigen-antibody complexes held extra-cellularly on the 
surface of dendritic cells in the lymphoid follicles of the spleen and 
lymph nodes. The mechanism of this form of antigen retention, known as 
antigen-trapping, is obviously of interest. In birds and mammals, both 
the Fe fragment of immunoglobulin {Herd and Ada, 1969) and complement 
{Bianco, Dukor, Nussemzweig, 1971; Fapamichail, Gutierrez, Embling, 
Johnson, Holborow and Pepys, 1975) are involved. 
In birds and mammals it has been demonstrated that immune 
complexes are trapped in lymphoid organs shortly after they are 
injected, or as soon as they are formed during an immune response 
{van Rooijen, 1972; White, Henderson, Eslami and Nielson, 1975; Brown, 
Schwab and Holborow, 1970). The injection of immune complexes in 
antigen excess has also been shown to accelerate and enhance the immune 
response in mammals {Laissue, Cottier, Hess and Stoner, 1971). 
Administration of these complexes in antigen excess or at equivalence to 
mice appeared to result in an early primed state which was dependent 
both on antibody and on free antigenic determinants {Terres, Morrison, 
Habich and Stoner, 1972; Terres, Habich and Stoner, 1974). Klaus 
{1978) showed that integrity of the Fe portion of the antibody molecule 
was important in generating memory in mice following injection of immune 
complexes in antigen excess or at equivalence, F{ab'l 2 antibody 
fragments being less effective. Complexes formed in 7S antibody excess 
may provide a negative feedback inhibition {Stockinger, Botzenhardt and 
Lemmel, 1979). 
In poikilotherms, the involvement of antibody in antigen-trapping 
has been established for carp {Secombes, Manning and Ellis, 1982a). 
Furthermore, Secombes and Resink {1984) have shown that injection of 
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immune complexes prepared in antigen excess or at equivalence, induced 
good memory and enhanced serum antibody·responses in carp compared with 
the findings when the antigen (HGG) was given on its own. The present 
work demonstrates a similar phenomenon in the amphibian, !• laevis. The 
use of immune complexes resulted both in early antigen localization (by 
day 1 after injection) and in accelerated and enhanced antibody 
production. It seems quite likely, therefore, that these poikilotherms 
resemble mammals in localizing antigen by means of Fe receptors for 
homologous antibody present on the surface of cells. The fact that 
homologous antibody can be detected in the antigen-retaining areas of 
normal (non-injected) animals gives circumstantial support for this 
suggestion (see Ellis, 1974 for plaice and Obara, Tochinai and Katagiri, 
1982 for X. laevis), A curious feature of the immunofluorescence 
picture seen. in !• laevis, following injection of immune complexes, is 
the appearance of two peaks of antigen localization. The early 
localization seen in the first week after injection wanes during the 
second week, then reappears as a second peak at the time when HGG 
injected in native form is normally trapped, i.e. at around day 18-19, 
This may reflect a dispersal of the initially injected immune complexes, 
followed by localization of the a~tigen which was delivered in excess, 
the latter occurring at the time of rising antibody levels. 
Modified gamma globulins such as aggregated HGG may also show 
rapid localization. This occurs in fish (Secombes, Manning and Ellis, 
1982a) as well as in birds (White, Henderson, Eslami and Nielsen, 1975) 
and mammals (Brown, Schwab and Holborow, 1970), This rapid localization 
may possibly be by means of the Fe portion of the molecule which has an 
affinity for complement, Both the Fe fragment (Herd and Ada, 1969) and 
complement (Bianco, Dukor and Nussenzweig, 1971) are required for this 
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localization, so substances which can themselves activate complement 
undergo rapid antibody-independent trapping. The results describes in 
the present chapter demonstrate that, in !• laevis also, heat aggregated 
HGG shows accelerated localization. Unlike the findings using immune 
complexes, however, this did not result in improved antibody production, 
antibody responses being very poor. Nevertheless it seems that in x. 
laevis, as in other vertebrates, for localization of HGG on dendritic 
cells, it should be in the altered form by aggregation or by complexing 
with specific antibody. 
As in other vertebrates, X. laevis can retain other antigens 
besides the gamma globulins on its cell surfaces. This was shown by 
employing HSA (this Chapter). Presumably this is achieved through 
complexing with homologous antibody; however, no serum antibody was 
detected. It may be that only very low levels are required locally to 
initiate antigen trapping, but the results .for X. laevis differ from 
those for carp (see Chapter 3) where there was absence of both antibody 
production and antigen trapping using HSA. 
The work in this Chapter includes a description of a method for 
obtaining enriched suspensions of antigen-retaining splenocytes. It 
seems likely that these are the same cell type as the dendritic "XL" 
cell which Baldwin and Sminia ( 1982) were able to separate from the 
Xenopus spleen using simple glass adherence. The introduction into a 
normal Xenopus of antigen-bearing dendritic "XL" cells from a Percoll 
gradient enriched suspension produced a rapid 'homing' to the antigen-
trapping region of the spleen, although whether this was due to 'homing' 
of the cells themselves or was a feature of the antigen which they were 
carrying, is not known. Antigen administered in this manner was able to 
initiate antibody production. 
206.-
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This work has been concerned with the way in which young animals 
which have free-living larval stages respond to antigenic stimulation. 
In particular it has asked whether foreign antigens encountered early in 
life can prime the immune system to yield memory responses on subsequent 
encounter with the same antigen and, if so, whether such memory involves 
positive immunity or immunological tolerance, 
The results for bacterial antigens (Aeromonas salmonicida cells) 
support the empirical findings from the farming industry where 
immaturity of fisn has not to date been seen as presenting many 
practical problems with regard to immunization. This may be because it 
is largely bacterial antigens that are used, Thus, in the present 
experiments, 4 week old carp could be primed to yield enhanced secondary 
responses to A. salmonicida. 
Administration by injection was more efficient, but direct 
immersion vaccination also had a positive effect in enabling the fish to 
give an improved response on challenge. The ease of application of 
direct immersion vaccines (Ward, 1982) makes this a promising line of 
development. 
On the other hand, some attention must be paid to the fact that 
fish which were responding well at 4 weeks old to the bacterial antigens 
were not responding to soluble foreign proteins ( HGG) even when these 
were administered on a particulate carrier (latex beads), Indeed these 
antigens induced a form of immunosuppression or tolerance noted at the 
level of antibody production. The effect lasted at least for several 
months although its specificity has yet to be determined. These results 
make it necessary to discuss the conditions which lead to immunity 
versus tolerance and how these might apply in fish and amphibians. Some 
of the relevant factors are listed in Table 27 and considered below. 
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(i) Immaturity of the recipient 
Immaturity of the young animal, or at least of the lymphon 
(lymphoid system irrespective of age), is the most important single 
factor in tolerance induction, This is possibly related to the 
acquisition of tolerance to self antigens. Thus in homoiotherms it is 
relatively easy to induce tolerance during the early stages of 
maturation of the lymphoid cells, In carp, too, the ability to induce 
tolerance to HGG at 4 weeks old was lost in 9-10 week old fish (Chapter 
3). In X. laevis, on the other hand, it was not possible to induce 
tolerance to xenogeneic material (HGG) even when this was injected as 
early as stage 48-49 (one week old) except by employing very high doses 
of antigen such as will induce tolerance.in adults also. It is not 
known how this relates to natural stimulation of immature larvae by 
xenogeneic materials in their environment but larvae of both carp and 
X. laevis were refractory to any influence of soluble antigens applied 
by direct immersion, although these can be taken up by older fish 
(Smith, 1982). 
(ii) State of the antigen 
In mammals, the physical state of the antigen can determine 
whether it will be immunogenic or tolerogenic, For example, Dresser 
(1962) showed that foreign gamma globulins could induce tolerance even 
in adult animals when injected in aggregate-free form, In the present 
study a crude distinction was made between particulate and soluble 
antigens and it was shown that HGG was still tolerogenic after the 
soluble antigen had been adsorbed onto latex particles, The uptake of 
antigen has been shown to be influenced by this form of presentation 
(Smith, 1982), In the present study HGG adsorbed onto latex particles 
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induced immunosuppression and resulted in enhanced proliferative 
responses on challenge when administered by direct immersion to 4·week 
old carp, wnereas direct immersion of young carp in the soluble antigen 
had no effect (Chapters 4 and 5). 
The presentation of antigen in the form of immune complexes, or as 
heat-aggregated HGG, described in Chapter 8 for ~· laevis represents a 
special case. This is because there are probably receptors related to 
the Fe portion of the immunoglobulin molecule, and to complement, 
present at the sites of antigen localization. Tolerance may occur if 
the antigen is not processed by the normal antigen processing mechanism 
involving follicular localization by trapping antigen on dendritic cells 
as in birds and mammals. The present experiments on~· laevis (Chapter 
8), taken together with the previous work of Secombes, Manning and Ellis 
(1982a) on carp, suggest that immune complexes are involved in the 
process of antigen localization in poikilothermic vertebrates as in 
homoiotherms. 
(iii) Antigen : Thymus-dependent or Thymus-independent 
In mammals, tolerance can be induced in both T-cells and B-cells 
in both adult and neonatal animals. Induction is, however, easier in 
the young and easier for T-cells than for B-cells (in the sense that 
T-cell tolerance is established more rapidly and persists for longer 
than B-cell tolerance). In fish and amphibians all cases of tolerance 
so far reported involve tolerance to antigens which are T-dependent in 
mammals. This includes experiments on adults (Avtalion, Wishkovsky and 
Katz (1980) using BSA in carp, and Marchalonis and Germain (1980) using 
BSA in marine toads) and the work on young fish described in the present 
study. It is now desirable to use a wider range of thymus-depenent and 
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thymus-independent antigens to establish whether the preliminary 
interpretation of the present findings is correct, i.e. that thymic 
dependence is more important than physical presentation (particle-borne 
or soluble) in determining the outcome of early exposure of young fish 
to antigenic stimulation. If this should prove to be the case, it 
provides further evidence that the heterogeneity of fish lymphocytes 
includes T-cell like and B-cell like components. Support for this 
dichotomy is already strong (see Ellis, 1982) although whether the 
thymus plays a part in establishing the T-cell like population is as yet 
unknown for fish. 
(iv) Route of antigen administration 
In adult carp, tolerance to a soluble antigen was obtained only 
when the antigen was injected directly into the circulation by the 
intracardiac route (Serero and Avtalion, 1978), Possibly the antigen 
had reached the immature cells of the immune system directly instead of 
undergoing preliminary localization and processing. In the present 
experiments on 9-10 week old carp on the other hand, although the 
intra-vascular route was not used, it was not found possible to induce 
tolerance once the vulnerable early period of the first month was past, 
even using potentially tolerogenic routes such as direct injection into 
the thymus. This was also true for larvae of X. laevis. This might be 
due to the relatively rapid development of the immune system in animals 
with free-living larvae (Manning and Horton, 1969; Botham, Grace and 
Manning, 1980; Grace, Botham and Manning, 1981; Tatner and Manning, 
1983), which perhaps results in early maturation and peripheralization. 
Possibly it is less easy to tolerize animals with free living larvae 
compared to mammals. 
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The magnitude of the primary and secondary responses has been 
shown to be route-dependent for injected antigen (Rijkers, 
Frederix-Walters and van Muiswinkel, 1980b). It has also been shown, in 
experiments on direct immersion vaccination in carp, that enhanced 
secondary responses can be obtained if the challenge is given by the 
same route as the primary immunization, but not if the challenge is 
administered by a different route. This work, done on older fish, 
suggests the existence of a local immune system (Lamers and de Haas, 
1984). In the young carp and mullet described in Chapters 3, 4, 5 and 6 
in the present study, on the other hand, priming orally (carp and 
mullet) or by direct immersion (carp) potentiated a good secondary 
response when the antigenic challenge was made systemically (by 
injection). 
(v) Antigen dose · 
In mammals it has been shown using bovine serum albumin (BSA) in 
mice that high doses of antigen induce tolerance, very low doses also 
induce tolerance, while the middle range of doses prime for secondary 
responses (Mitchison, 1964). High zone tolerance has been demonstrated 
using BSA in adult carp (Serero and Avtalion, 1978) and in marine toads 
(Marchalonis and Germain, 1980), also using HGG in adult and late larval 
x. laevis (Manning and Al Johari, 1984). In the present work the dose 
of antigen was kept constant for most experiments but one study was 
carried out using high doses of HGG in X. laevis. This showed positive 
immunity to standard doses of HGG irrespective of age, but high zone 
tolerance using high doses both in larvae and adults (Chapter 7). 
The dose of antigen is also of importance under conditions of 
positive immunity. Thus, using sheep erythrocytes as an antigen in 
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carp, Rijkers, Frederix-Walters and van Muiswinkel (1980a) showed that 
high doses of antigen which yielded good primary responses did not 
always produce a good secondary response, whereas high secondary 
responses could result from low dose priming. This may be due to a more 
effective stimulation of T-cell helper function by low doses of antigen 
(see Ruben, Warr, Decker and Marchalonis, 1977), 
The number and spacing of doses in a series can also influence the 
level of the response. In the experiments on mullet in the present 
study, it was found that, unlike young carp, juvenile mullet could not 
respond to a single dose of antigen but, if previously primed, they 
could respond to a second dose, This appeared to represent an aspect of 
immaturity since adult mullet can respond to one injection. 
(vi) Antigen : more or less foreign 
Foreign substances which bear some resemblance to self materials 
are usually poor antigens and are often tolerogenic, This may be why 
animals frequently fail to respond well to foreign albumins. In the 
present study little or no response was obtained to these materials 
whether in carp, mullet, or~· laevis. In addition, modified 
self-components will often induce tolerance, Thus hapten modification 
of self markers produces a powerful tolerogen in mammals. The same 
phenomenon also occurs in fish as has been demonstrated by Ruglys (1984) 
using TNP haptenated self erythrocytes in carp. 
(vii) Temperature effects 
In poikilotherms, it is possible to analyse the effect of 
temperature at different phases of a primary and secondary immune 
response. Studies of this kind suggest that cold-induced tolerance in 
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carp results from modification of the immunoregulatory balance between 
helper cells and suppressor cells such that the suppressive mechanisms 
predominate (Avtalion, Wishkovsky and Katz, 1980). POssible seasonal 
effects resulting from cold-induced tolerance are discussed by 
Wishkovsky and Avtalion (1982). Temperature effects were not 
investigated in the present study. 
From the scanty evidence presented above it would appear that 
some, at least, of the factors which govern immunity and tolerance in 
mammals also prevail in fish and amphibians. A further investigation of 
fish which were displaying immunosuppression in their antibody 
production following early exposure to antigen, showed that these fish 
were not totally lacking in their ability to respond (Chapter 5). The 
young fish could give a proliferative reaction in the spleen and kidney 
in response to all three types of antigen used (~. salmonicida cells, 
HGG on latex particles and HGG in solution). Furthermore, this response 
included an antigen-related positive component despite the fact that, in 
the case of the last two antigens, tolerance had been induced at the 
level of antibody production. The nature of the cellular response 
involved is unknown but the finding emphasizes the need to discover roore 
about the cellular responses in fish and how these may be involved in 
protective immunity. Many studies on fish will be more easily performed 
when inbred lines become available. 
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SUMMARY 
1) Injection of the murine thymus-dependent antigen HGG (human gamma 
globulin) into 4 week old mirror carp Cyprinus carpio resulted in 
immunological tolerance whether the HGG was administered in soluble 
form or attached to latex bead carriers. This was manifested by a 
failure to produce anti-HGG antibody when the fish were challenged 
with a second injection of HGG at an age when normal fish are 
capable of yielding a positive humoral antibody response. The 
tolerogenic effect persisted to the age of 23 weeks which was the 
latest age tested. 
2) The results using the thymus-independent antigen, formalin-killed 
Aeromonas salmonicida bacteria were strikingly different from those 
using HGG. Four week old carp were able to give a primary antibody 
response to this antigen and priming led to enhanced antibody 
responses on secondary exposure. 
3) By the age of 9-10 weeks, HGG no longer induced tolerance in carp, 
By this age the fish reacted positively both to HGG and KLH (keyhole 
limpet haemocyanin) and a second encounter with the same antigen 
produced some enhancement of antibody levels. The 9-10 week old 
carp responded positively even when the antigen was administered by 
routes which are potentially tolerogenic in young animals, orally or 
by direct injection into the thymus. 
4) Neither OVA (ovalbumin) nor HSA (human serum albumin) was 
immunogenic in carp and antigen localization studies for HSA showed 
poor antigen trapping in the lymphoid tissues. 
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Sl Multiple direct immersions of 4 week old carp in a bath containing 
antigen led to enhanced secondary responses when formalin-killed 
A. salmonicida bacteria were used as the antigen. In contrast, 
immersion in soluble HGG had no effect on subsequent antibody levels 
following challenge while, when the HGG was attached to lateK 
particles, direct immersion led to a slight suppression of antibody 
levels following challenge. Soluble HGG still had no effect even 
when immersions were commenced at one week old. 
6) The use of tritium labelled thymidine demonstrated a proliferative 
effect in the spleen and kidney which had an antigen-related 
positive memory component after challenge. This secondary 
enhancement of proliferation after carp had been primed by injection 
at 4 weeks old was obtained for all three types of antigen used 
(HGG in soluble form, HGG on latex particles and formalin-killed 
~· salmonicida bacteria) despite the fact that HGG priming of young 
fish had an opposite (tolerogenicl effect on antibody production. 
When direct immersion was used as the method of antigen 
administration, the same enhanced proliferative effect following 
challenge was observed in the case of the ~· salmonicida antigen 
and particle-bound HGG but immersion in HGG in soluble form was 
ineffective, consonant with its lack of effect on antibody 
production. 
7) Juvenile thick-lipped grey mullet, Chelon labrosus believed to be 
about 6-7 months old possessed well developed lymphoid organs but 
appeared to be less mature than adult mullet in as much that they 
failed to produce antibody in response to a single injection of HGG 
or KLH and required prior priming to potentiate antibody formation. 
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Oral administration was equally as effective as administration by 
injection as a route for antigen priming. Neith~ juvenile nor 
adult mullet produced any significant level of antibody against OVA. 
8) Th·e. amphibian Xenopus laevis differed from carp in that it was not 
possible to induce tolerance to a soluble antigen (HGG) even when 
this was injected' as early as larval stage 48-49 (one week old) 
except by employ:i:hg very high doses of antigen such as will induce 
tolerance in adults also. Positive immunological memory, which was 
conserved through metamorphosis, could be induced in these young 
larvae using standard doses of antigen. As with carp, the intra-
thymic route proved immunogenic rather than tolerogenic. Also like 
carp, young larvae were unaffected by direct immersions in soluble 
antigen. 
9) · In 10-15g .!• laevis toadlets injection of HGG/ant:l-HGG immune 
complexes resulted in antigen trapping in the spleen as early as 
1 day following the injection. This accelerated localization of 
th.e antigen was accompanied by, enhanced antibody production, 
antibody being formed earlier and reaching higher levels than when 
native antigen was injected in adjuvant. It ~s suggested that in 
amphibians, as in fish and homoiotherms, antigen-trapping is 
antibody dependent. The use of heat-aggregated HGG also caused 
some acceleration of antigen-trapping although this was not 
accompanied by good antibody production. Unlike carp, _!· laevis 
showed splenic localization of HSA although antibody production 
against the foreign albumin· was again poor. 
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